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ABSTRACT
THE ECOLOGY OF CARRION COMMUNITIES IN MARITIME-TERRESTRIAL HABITATS: 
AN INSULAR STUDY OF GULL, SEAL, AND RODENT DECOMPOSITION
ON THE ISLES OF SHOALS
by
WAYNE D. LORD 
U n iv e rs ity  o f New Ham pshire, December, 1982
D uring 1979-1982 I  in v e s t ig a te d  a s p e c ts  o f th e  eco logy  o f  H errin g  
G ull (L arus a rg e n ta tu s )  and G rea t B lack-backed G u ll (L arus a a r in u s ) . 
Harbor s e a l  (Phooa v i t u l i n a ) . and ro d e n t (R a ttu s  n o rw eg icu s. .C.r-iS.g.t3Ag. 
a u ra ta .  Mus m usoulus) c a r r io n  com m unities on the  I s l e s  o f  S h o a ls, a 
group o f n ine  sm a ll i s la n d s  lo c a te d  10 km SW o f P ortsm outh , New 
H am p sh ire  (42°59'N , 70°37’W).
C arcasses  passed  th ro u g h  a s e r i e s  o f p r e d ic ta b le  d e c o m p o s itio n a l 
s ta g e s  ( f r e s h ,  b lo a t ,  a c t iv e ,  advanced, and dry) d e fin e d  by 
c h a r a c t e r i s t i c s  o f c a r r io n  appearance and fa u n a l a s s o c ia te s .
Of th e  numerous sp e c ie s  o f in v e r te b r a te s  c o l le c te d  from  c o a s ta l  
c a r r io n , few p layed  a m ajor r o le  in  decom position . Blow f ly  la rv a e  and 
d e rm e s tid  b e e t le s  were th e  p rim ary  c a r r io n  consum ers. S p id e rs , a n ts , 
and s ta p h y l in id  and h i s t e r i d  b e e t le s  w ere th e  m ajor p re d a to rs . The 
im portance  o f c a r r io n  f re q u e n tin g  in s e c ts  in  th e  d eco m p o sitio n  o f 
v e r te b ra te  c a r r io n  lo c a te d  in  h a b i t a t s  w ith  s tro n g  m a ritim e  in f lu e n c e s  
was in d ic a te d .
xi
C a rr io n  community members w ere d iv id e d  in to  5 t ro p h ic  g u i ld s :  ( i )
N ecrophages, ( i i )  N e c ro p h ile s , ( i i i )  P re d a to rs , ( iv )  N ecrophages/ 
P re d a to rs , (v) P a r a s i te s .  Necrophages p a r t i t i o n  c a r r io n  s p a t i a l l y ,  
te m p o ra lly , and by e x te n t  o f  d e s ic c a t io n .  P re d a to rs  s e le c te d  prey  by 
lo c a t io n ,  s iz e ,  and l i f e  s ta g e . C a rcasses  lo c a te d  in  " le s s  exposed" 
a re a s  c h a r a c t e r i s t i c a l l y  su p p o rted  a  g r e a te r  v a r ie ty  o f  s p e c ie s  and 
decomposed a t  a  s lo w er r a te .  S easonal v a r i a t io n s  in  c a r r io n  abundance, 
a v a i l a b i l i t y  to  necrophagous a r th ro p o d s , and community c o m p o sitio n  w ere 
e v id e n t on th e  I s l e s  o f  S hoals.
Sm all c a rc a s s e s  su p p o rted  s t a t i s t i c a l l y  few er a rth ro p o d  sp e c ie s  
th an  la r g e ;  and c a r r io n  lo c a te d  a t  g r e a te r  d is ta n c e s  from so u rce  o f 
c o lo n is t s  w ere a ls o  l e s s  s p e c ie s  r ic h . The s u c c e s s io n a l p ro ce ss , 
c h a r a c t e r i s t i c s  o f  e a r ly  and l a t e  c o lo n is t s ,  and th e  e f f e c t s  o f  c a r r io n  
s iz e  and d is ta n c e  from so u rce  o f  c o lo n is t s  su g g est a p ro ce ss  o f 
c o lo n iz a t io n  and community developm ent c o n s is te n t  w ith  g eo g ra p h ic a l and 
l e s s  ephem eral b io lo g ic a l  i s la n d  system s.
xii
INTRODUCTION
The postm ortem  d eco m p o sitio n  o f an im a ls , w h ile  being  o f l im i te d  
a e s th e t ic  ap p ea l, i s  a  f a s c in a t in g  p ro ce ss  o f e c o lo g ic a l  and m edico­
le g a l  im p o rtan ce . A ssem blages o f unique c a r r io n - fe e d in g  consum ers, and 
th e  p re d a to rs  and p a r a s i t e s  they  in  tu rn  su p p o rt, form  com m unities w hich 
enhance th e  r e c y c l in g  o f  c a r r io n  com ponents th rough  th e  env ironm ent. 
P re d ic ta b le  changes i n  sp e c ie s  abundance, age, and co m p o sitio n , th a t  
occur a s  th e  decay p ro c e ss  p ro g re s se s , p ro v id e  a te m p la te  f o r  exam in ing  
co ncep ts  o f community developm ent, tem p o ra l and se a so n a l su c c e ss io n , and 
th e  r o le  o f b i o t i c  and a b io t i c  r e g u la to r s .
S im ila r ly ,  th e  sm a ll s iz e ,  c o m p a ra tiv e ly  s im p le  s t r u c tu r e ,  and 
in s u la r  n a tu re  o f c a r r io n  m icrocosm s may a f fo rd  a  model f o r  p r e d ic t in g  
th e  s t r u c tu r e  and fu n c t io n  o f l a r g e r  b io lo g ic a l  and g eo g rap h ica l 
i s l a n d s ,  and c o n t in e n ta l  system s as  w e ll .
U nderstand ing  th e  ecology o f c a r r io n  com m unities i s  p a r t i c u la r ly  
im p o rta n t in  h a b i t a t s  w here la rg e  assem b lag es o f c o lo n ia l  an im a ls  occur. 
W ith in  such h a b i t a t s  h ig h  m o r ta l i ty  r a t e s ,  e s p e c ia l ly  among young 
in d iv id u a ls ,  r e s u l t  i n  an e x trem e ly  abundant c a r r io n  re so u rc e . A 
knowledge o f th e  o rgan ism s and p ro c e sse s  in v o lv ed  i n  th e  r e d i s t r i b u t i o n  
o f  t h i s  re so u rc e  i s  fu n d am en ta l to  an u n d e rs ta n d in g  o f th e  eco logy  o f 
th e  l a r g e r  community w ith in  which th e  c a r r io n  o ccu rs .
Nistoribal P.ergp„e.p.tiy3,g 
R e la t iv e ly  few s tu d ie s  o f c a r r io n  eco logy  e x i s t  in  th e  l i t e r a t u r e ,  
r e f l e c t i n g  th e  l im i te d  appeal o f t h i s  r e s e a rc h  a rea . D uring th e  l a s t  50 
y e a rs , how ever, s e v e ra l  im p o rta n t c o n tr ib u t io n s  have been p u b lish ed .
1
I l l in g w o r th  (1926) l i s t e d  th e  a r th ro p o d s  a t t r a c t e d  to  c a r r io n  in  
so u th e rn  C a l i fo rn ia .  F u l le r  (1934) s tu d ie d  in s e c t  in h a b i ta n ts  o f 
c a r r io n  in  A u s tra l ia ,  s t r e s s in g  th e  im p o rtan ce  o f b lo w f lie s  as  p rim ary  
consum ers in  d eco m p o sitio n  and n o tin g  th e  im pact o f a r th ro p o d  p re d a to rs  
on t h e i r  im m ature s ta g e s .
Howden (1950) l i s t e d  14 sp e c ie s  o f b e e t le s  from  c a rc a s s e s  in  N orth
C aro lin a . She em phasized th e  r o le  o f  bo th  p re d a tio n  and necrophagy, and
d e sc rib e d  th e  g e n e ra l su c c e ss io n .
Reed (1958) exam ined dog c a rc a s s  com m unities in  Tennessee.
C arcasses  p laced  in  p a s tu re  su p p o rted  s m a lle r  in s e c t  p o p u la tio n s , b u t
decayed f a s t e r  than  th o se  in  wooded a re a s ,  due to  h ig h e r  tem p era tu re .
W alker (1957) a ls o  s tu d ie d  th e  a rth ro p o d  in h a b i ta n ts  o f  c a r r io n  in  
Tennessee. He em phasized th e  im p o rtan ce  o f  h a b i ta t  m ic ro c lim a te  in  
in f lu e n c in g  th e  decay p ro c e ss .
B ornem issza (1957)* i n  A u s tra l ia ,  r e p o r te d  d ra m a tic  changes in  
s p e c ie s  co m p o sitio n  o f  s o i l  beneath  c a rc a s s e s  a t  v a r io u s  s ta g e s  o f 
decay.
Payne (1965) d em o n stra ted  th e  im p o rtan ce  o f a r th ro p o d s  to  decay o f 
c a r r io n  i n  South C aro lin a . I n s e c t - f r e e  c a r r io n  decomposed rem arkab ly  
s lo w ly , r e t a in in g  i t s  form fo r  m onths, w hereas in s e c t  in f e s te d  c a r r io n  
co m p le te ly  decayed w i th in  a week. Payne and C ro ssley  (1966) com piled an 
e x te n s iv e  l i s t  of th e  a r th ro p o d s  a s s o c ia te d  w ith  p ig  c a r r io n . Payne and 
King (1972) conducted th e  f i r s t  s tu d y  o f th e  fauna a s s o c ia te d  w ith  
f lo a t in g  c a rc a s s e s  in  a  f re sh w a te r  pond.
M ic ro se ra i and se a so n a l v a r ia t io n s  in  sm a ll mammal c a r r io n  
com m unities e x is te d  in  a mixed hardwood f o r e s t  in  I l l i n o i s  (Johnson 
1975). He re p o r te d  marked se a so n a l v a r ia t io n s  in  sp e c ie s  co m p o sitio n
3and d e co m p o s itio n a l r a t e s  and em phasized th e  p resen ce  o f p r e d ic ta b le  
m ic ro s e ra i s ta g e s .
Denno and C othran (1975) s t r e s s e d  th e  im p o rtan ce  o f c o m p e titiv e  
i n t e r a c t io n s  betw een s p e c ie s  o f  c a r r io n  in h a b i t in g  f l i e s ,  and 
d em o n stra ted  p a r t i t i o n in g  o f c a r r io n  re so u rc e s  a long  s e a so n a l, 
su c c e ss io n a l and s iz e  g ra d ie n ts .
McKinnerney (1978) in v e s t ig a te d  r o le s  o f b o th  v e r te b r a te  and 
in v e r te b r a te  com ponents o f c a r r io n  m icrocom m unities in  th e  Chihuahuan 
d e s e r t  o f Texas and New Mexico. U t i l i z in g  m easures o f d iv e r s i t y  and 
dom inance, she d e sc rib e d  th e  su c c e ss io n a l p ro c e ss  o f  decay. She 
su g g ested  th a t  c o r r e la t io n s  betw een rem oval e f f ic ie n c y  o f  v e r te b r a te s  
and in v e r te r a te  c o lo n iz a t io n  p a t te r n s  w ere in d ic a to r s  o f th e  s e le c t iv e  
p re s s u re s  m olding a rth ro p o d  a d a p ta t io n s .
Coe (1978), in  a s tu d y  o f  e le p h a n t c a rc a s s e s  in  Tsavo N a tio n a l
Park, Kenya, em phasized th e  im p o rtan ce  o f ca lc iu m  im m obilized  i n  la r g e
mammal bones in  th e  p ro ce ss  o f  m in e ra l r e c y c l in g .
C arrio n  re se a rc h  has im p o rtan ce  to  th e  f o re n s ic  s c ie n c e s , as 
documented by M otter (1898) and more r e c e n t ly  by LeClerq (1969)> E aston  
and Sm ith  (1970), Sm ith (1973)» A delson (1974), N uorteva (1974), Lane 
(1975), and E ck ert (1980). N uorteva (1977) com piled  a com prehensive 
rev iew  o f  th e  m e d ic o -le g a l a p p l ic a t io n s  o f c a r r io n  community d a ta .
R esearch O b je c tiv e s
Of th e  the c a r r io n  re se a rc h  p u b lish ed  to  d a te , th e  v a s t  m a jo r i ty  
has been conducted in  t r o p ic a l ,  s e m i- t ro p ic a l ,  and so u th e rn  tem p e ra te  
re g io n s . I n v e s t ig a t io n s  from c o ld e r , n o r th e rn  tem p era te  a re a s  in  
g e n e ra l and the  n o r th e a s te rn  U nited  S ta te s  in  p a r t i c u la r  a re  la ck in g . 
S im ila r ly ,  c a r r io n  re se a rc h  la r g e ly  has been r e s t r i c t e d  to  c l a s s i c a l ,
4t e r r e s t r i a l  h a b i t a t s  such as  p a s tu re , w oodland, and d e s e r t .  C o a s ta l and 
m a r i t im e - t e r r e s t r i a l  eco ty p es  have been n e g le c te d .
N early  a l l  c a r r io n  s tu d ie s  a re  based on c a rc a s s e s  o f d o m estic  
mammals; few in v e s t ig a t io n s  have exam ined com m unities a s s o c ia te d  w ith  
m ajor form s o f n a tu r a l ly  o c c u rr in g  c a r r io n .
The fo llo w in g  th e s i s  i s  designed  to  enhance th e  u n d e rs tan d in g  of 
th e  ecology o f  c a r r io n  com m unities w hich occu r in  m a r i t i m e - t e r r e s t r i a l  
h a b i ta t s  c h a r a c t e r i s t i c  o f  c o a s ta l  re g io n s  o f n o r th e rn  New England.
The th e s i s  i s  p re se n te d  in  th e  form o f th re e  s e p a ra te  m a n u sc rip ts , 
each c e n te r in g  upon a  d i f f e r e n t  a s p e c t o f c o a s ta l  c a r r io n  ecology. The 
f i r s t  d e s c r ib e s  th e  in v e r te b r a te  and v e r te b r a te  com ponents o f H errin g  
G ull (Larus a re e n ta tu s )  and G rea t B lack-backed  G u ll (Laru3 m arinus) 
c a r r io n  com m unities, fo c u s in g  on community s t r u c tu r e ,  s e a s o n a l i ty ,  and 
su c ce ss io n . H errin g  and G rea t B lack-backed  G u lls  a re  th e  m ost 
consp icuous com ponents o f  th e  v e r te b r a te  fau n a  in  n o r th e rn  c o a s ta l  
re g io n s  (K adlec and D rury 1968). The second m an u sc rip t, i n  a s im i la r  
manner, d e s c r ib e s  th e  com m unities a s s o c ia te d  w ith  co rp ses  o f th e  Harbor 
S eal (Phoca v i t u l i n a ) . th e  l a r g e s t ,  n o n -an th ro p io d  v e r te b r a te  in h a b i t in g  
th e se  c o a s ta l  a re a s . The th i r d  m an u sc rip t d is c u s s e s  in s u la r  c a r r io n  
com m unities as  b io lo g ic a l  i s la n d s  and exam ines t h e i r  r o le  as  m odels f o r  
th e  a sse ssm en t o f  b io g eo g rap h ic  th eo ry .
S p e c i f ic a l ly ,  th e  re s e a rc h  p re se n te d  in  th e  fo llo w in g  pages 
a d d re sse s  th e se  q u e s tio n s :
1) What o rgan ism s c h a r a c te r iz e  th e  m ajor v e r te b ra te  c a r r io n  
com m unities n a tu r a l ly  o c c u rr in g  in  m a r i t i m e - t e r r e s t r i a l  
h a b i t a t s  lo c a te d  in  n o r th e rn  New England (community 
s t r u c t u r e )?
52) What changes o ccu r w ith in  th e se  com m unities a s  th e  decay p ro c e ss  
p ro g re s se s  ( s e r a i  su c c e ss io n )?
3) Do d i f f e r e n c e s  in  c a r r io n  s p e c ie s  assem b lag es  occu r d u rin g  
d i f f e r e n t  tim es o f  th e  y e a r  ( s e a s o n a l i ty ) ?
4) Do th e  p a t te r n s  o f  c o lo n iz a t io n  and community developm ent 
observed  d u rin g  th e  d eco m p o s itio n a l p ro c e ss  su p p o rt th e  
th e o r ie s  proposed  by McArthur and W ilson (1967) f o r  in s u la r  
sy stem s (b iogeography)?
Descr iption ..of „JStaflyJSlte
S ett in g
The re s e a rc h  f a c i l i t i e s  o f  th e  U n iv e rs i ty  o f  New H am p sh ire /C o rn e ll 
U n iv e rs ity  co -sp o n so red  S h o a ls  M arine L ab o ra to ry , lo c a te d  on th e  I s l e s  
o f S hoals in  th e  G u lf o f  Maine, p rov ided  an id e a l  s e t t i n g  f o r  my 
re se a rc h . A v a r ie ty  o f  c o a s ta l  h a b i t a t  ty p e s , i s o l a t e d  from  human 
d is tu rb a n c e , o f fe re d  p ro te c te d  s e t t i n g s  f o r  f i e l d  re se a rc h . The h igh  
in c id e n c e  o f  n a tu r a l ly  o c c u rr in g  m o r ta l i ty  in  g u l l  and, in  1980, H arbor 
S eal p o p u la tio n s , produced an ample supply  o f  c a r r io n . The f a c i l i t i e s  
o f  th e  S hoals M arine L a b o ra to ry  o f fe re d  adequate  la b o ra to ry  and l i v in g  
accom odations in  c lo se  p ro x im ity  to  s tudy  a re a s ,  enhancing  r e s e a rc h  
p ro d u c t iv i ty  a t  a re a so n a b le  c o s t .
The I s l e s  o f S h o a ls  a re  a  group o f sm a ll  i s la n d s  lo c a te d  n in e  
n a u t ic a l  m ile s  s o u th e a s t  o f  P ortsm outh , New H am pshire (42°59'N, 70°37'W) 
on the  Maine-New Ham pshire s t a t e  l i n e  (F ig u re  1). They a re  th e  s o le  
a rc h ip e la g o  a long  an 80 k ilo m e te r  s t r e t c h  o f New England c o a s t betw een 
Cape Ann, M assach u se tts  and Casco Bay, Maine. These n ine i s la n d s  have a 
t o t a l  lan d  a re a  o f 75.4 h e c ta re s ,  a maximum h e ig h t o f  21 m e te rs  above 









Figure 1. Location of the Isles of Shoals along the New England coast
7e a s t-w e s t  (F ig u re  2 0 . A ll a re  su rrounded  by deep w a te r ,  35 to  45 
m ete rs  in  depth . Of th e  n ine  i s la n d s ,  A ppledore i s  th e  l a r g e s t ,  w ith  an 
approxim ate lan d  a re a  o f  33.6 h e c ta re s .
D e s c r ip tio n s  o f th e  p h y s ic a l and b io lo g ic a l  c h a r a c t e r i s t i c s  o f th e  
I s l e s  o f S hoals have been p u b lish ed  by B loom shield  (1975), Boden (1977)» 
B o rro r (1980), F o w le r -B il l in g s  (1959), K ingsbury (1976), M cG ill (1977), 
and Novak (1971). The fo llo w in g  summary i s  d e r iv e d  from th e se  so u rc e s .
CfflfllflgE
A ppledore I s la n d  i s  a  roche montonee i s la n d ,  whose topography 
r e s u l te d  from  g la c i a l  a c t i v i t y  d u r in g  th e  W isconsin  g l a c i a l  advance. On 
th e  n o rth w e st s id e , w hich faced  th e  advancing  ic e ,  th e  bedrock i s  smooth 
and worn. On th e  s o u th e a s te rn  s id e  s ta n d  ragged  c l i f f s .  G e n e ra lly  th e  
topography i s  c h a ra c te r iz e d  by rocky in te r n a l  r id g e s  and v a l le y s ,  and by 
p e r ip h e ra l  c l i f f s  and cobb le  beaches. R idges and c l i f f s  a re  composed o f 
exposed bedrock, w ith  g r a n i te  (q u a rz o - fe ld s p a r ic  g n e iss )  be in g  th e  most 
abundant rock . D ikes o f  igneous b a s a l t  t r a n s e c t  th e se  ro ck s  and p lay  a 
r o le  in  th e  fo rm a tio n  o f  coves and c re v ic e s . The s h o re l in e  s t r u c tu r e  
v a r ie s  from  a b ru p t c l i f f s  to  s lo p in g  cobble beaches composed o f t i l l  
ran g in g  from s e v e ra l  c e n tim e te rs  to  more than  a m eter in  d iam e te r .
The cover o f  s o i l  on A ppledore v a r ie s  c o n s id e ra b ly  w ith  lo c a t io n . 
S o il  dep th  ran g es  from ap p ro x im a te ly  70 c e n tim e te r s ,  i n  th e  more c e n t r a l  
v a l le y s  to  a s u p e r f i c i a l  co v erin g  on r id g e  to p s .
■TJLde-S
A s e m i-d iu rn a l  c y c le  u n d e r l ie s  th e  t i d a l  p a t te r n s  o f th e  I s l e s  o f 
Shoals. Mean t i d a l  ran g e  i s  2.6 m e te rs , w ith  sp r in g  ran g in g  3 m eters.
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Figure 2. Map of the islands of the Isles of Shoals
9Storm s w ith  s tro n g , s u s ta in e d  w inds p e r io d ic a l ly  b u ild  waves w hich wash 
norm ally d ry  beaches and low ly in g  a re a s .
C lim ate
W eather p a t te r n s  a t  th e  I s l e s  o f S hoals a re  s im i la r  to  th o se  
ty p ic a l  o f  c o a s ta l  New England. S easonal te m p e ra tu re s , however, a re  
m oderated by o cean ic  in f lu e n c e s .  Jan u ary  and F eb ru ary  a re  th e  c o ld e s t  
and s to r m ie s t  m onths, J u ly  and August th e  w arm est (F ig u re  3)» The 
p re v a i l in g  w inds v a ry  s e a s o n a lly ,  w ith  w in te r  m onths dom inated by 
w e s te r ly ,  n o r th w e s te r ly  and n o r th e r ly  com ponents, and summer by a 
s o u th e r ly  o r s o u th w e s te r ly  flow . W eather system s a s s o c ia te d  w ith  
passage o f  low p re s s u re  c e n te r s  ty p ic a l ly  d is p la y  w inds from a  n o r th ­
e a s t e r l y  d i r e c t io n .
Annual r a i n f a l l  av e rag es  ap p ro x im a te ly  100 c e n tim e te r s  (Table 1). 
January  and A p ril a re  g e n e ra l ly  th e  w e t te s t  m onths, August th e  d r i e s t .  
Heavy fog  i s  common d u rin g  s p r in g  and e a r ly  summer. C a ta s tro p h ic  s to rm s 
w ith  s u s ta in e d  w inds o f  h u r r ic a n e  fo rc e  re c u r  a p p ro x im a te ly  every  te n  
y ea rs . The m ost r e c e n t  o ccu rred  in  1978.
Fl or a
Boden (1977) p u b lish e d  a d e ta i le d  d e s c r ip t io n  o f th e  sp e c ie s  
co m p o sitio n  and d i s t r i b u t i o n  o f th e  v a s c u la r  p la n ts  o f  A ppledore Is la n d . 
There a re  f iv e  m ajor zones o f v e g e ta tio n ; dry  and m o is t shrub th ic k e t ,  
g r a n i te  r id g e s ,  cobble beach, and d is tu rb e d  a re a s . Of th e se , two w ere 
used in  c a r r io n  re se a rc h .
G ra n ite  r id g e  h a b i ta t s  occur on the  u n p ro te c te d  c l i f f  to p s  o f the  
n o r th e a s te rn , e a s te rn ,  and s o u th e a s te rn  s id e s  o f th e  is la n d . Here, 
la rg e  numbers o f n e s tin g  g u l l s  m odify th e  v e g e ta t io n a l  s t r u c tu r e  by
Mean m onthly te m p e ra tu re s  (54 years*  d a ta )
c
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(adapted from McGill, 1977)
Figure 3. Approximate climatological data, Isles of Shoals
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Table 1. Approximate c l im a to lo g ic a l  d a te  -  I s l e s  o f  S hoals
Mean M onthly P r e c ip i t a t i o n  
(54 y e a r s ' d a ta )
Jan . Feb. Mar. Apr. May June J u ly










9 .3 c e n tim e te rs
(ad ap ted  from M cG ill, 1977)
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u p ro o tin g  and tra m p lin g  d u rin g  n e s tin g  a c t i v i t i e s  and a g g re ss iv e  
in te r a c t io n s .  The r e s u l t i n g  v e g e ta t io n  c o n s is t s  o f  law ns o f  s h o r t  
g ra s s e s  and p e r ip h e ra l  shrub  b o rd e rs  ap p ro x im a te ly  1.5 m high, Bumex 
a c e to s e l l a . itomex c r i s p u s . P o_tentill.a  s ja p j j ix ,  P.otejr&jLliA ■ScasAli-Jl. 
P o t e n t i l l a  nor_vegica. S p e rg u la n ia a  ru b ra . C oclopleurum  Lefiidlum
ru d e ra l.e , M a tr ic a r ia  m a t r ic a r lo id e s . .Sag iaa .PEg.fiUffl.9aa, lE l f g l la m  JcaBfiMt 
Bromus te c to ru m . Bromus m arg in a tu s . Polygonum a.ylgalac.9., LYfilmia. .alba , 
Argopvron reo en 3 . F .estuaa c a p i l l a t a . C9.uyjalv.ulug SESium, AfiMUfia 
m il le fo l iu m . A m brosia a r t e m is i f o l i a .  and Her.a fil9Uffl iBUXiJPUffl a re  found in  
th e s e  a re a s .
Cobble beach a re a s  a re  a ls o  in h a b i te d  by la rg e  g u l l  p o p u la tio n s  and 
a re  m o d ified  by t h e i r  a c t i v i t i e s .  A few s p a rs e ly  d i s t r i b u t e d  h e rb s, 
in c lu d in g  S o lid ag o  se m p e rv ire n s . G alin so g a  oi l l a .t.a, j&UfiElaiUE 
canadens_e. Nep.ta c a t a r i a .  and Anaffa llA a  .ac.v9.n3lg, c h a ra c te r iz e d  t h i s  
h a b i t a t s .
fauna.
The I s l e s  o f S h o a ls  p o sse ss  a  r i c h  d iv e r s i t y  o f  t e r r e s t r i a l  and 
m arine v e r te b r a te s  and in v e r te b r a te s  (B o rro r 1982). Among th e  
t e r r e s t r i a l  mammals in h a b i t in g  th e  i s la n d s  a re  m u sk ra ts  (O ndatra 
z ib e th ic u s ) . Norway r a t s  (R a tta s  now egicus). and w h ite - fo o te d  m ice 
(Peromvsou3 le u c o p u s) . Harbor s e a ls  (Phoca v i tu l i n a )  o ccu r from 
November t i l l  June on Duck Is la n d . Duck I s la n d  i s  th o u g h t to  be th e
so u th e rn  m ost pupping s i t e  o f  th e se  an im als .
Only two s p e c ie s  o f  r e p t i l e s ,  th e  Smooth Green Snake (Qpheodrvs
v e rn a l is )  and Dekay's Snake ( S to r e r ia  dekav i) have been found on
A ppledore. No am phibians a re  known to  occur th e re .
13
One hundred and tw en ty  s p e c ie s  o f  b i rd s  a re  s ig h te d  a n n u a lly  on 
Appledore I s la n d . Among th e  more numerous n e s tin g  s p e c ie s  a re  Snowy 
E g re ts  (E g re t ta  th u la ) . B lack-crow ned N ight Herons (Ny.otlc.orax 
n v c tic o ra x ) , and G lossy I b i s  (P le g a d is  f a l c i n e l l u s ) . A w ide v a r ie ty  o f 
le s s  numerous s p e c ie s  a re  a ls o  known to  n e s t  on A ppledore.
By f a r  th e  m ost numerous o f  th e  n e s tin g  b ird s  o f  th e  I s l e s  o f 
Shoals a re  H errin g  (L arus a rg e ta tu s )  and G rea t B lack-backed  (L arus 
m arinus) G u lls . D uring 1979, 3735 and 1552 p a i r s  o f  H errin g  and G rea t 
B lack -backs, r e s p e c t iv e ly ,  w ere r e p o r te d  a s  n e s tin g  upon th e  i s la n d s  
(B orro r 1980). The g u l l s  n e s t  p r im a r i ly  upon th e  c l i f f s ,  r id g e  to p s , 
and cobble beaches. D uring th e  b reed in g  seaso n  h igh  m o r ta l i ty  r a t e s  
among a d u l t s  and p a r t i c u la r l y  among ju v e n i le s  cause th e  m ajor c o lo n ie s  
to  be l i t t e r e d  w ith  c a r r io n . One needs only  to  w ander th rough  such an 
a re a  to  a p p re c ia te  th e  im p o rtan ce  o f c a r r io n  as  a re so u rc e .
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CHAPTER I
HERRING GULLS (L arus a r a e n ta tu g )
AND GREAT BLACK-BACKED GULLS (L arus m arin u s)
INTRODUCTION
H errin g  G u lls  (Laru3 a rg e n ta tu s )  and G rea t B lack-backed  G u lls  
(Larus m arinus) a re  consp icuous in h a b i ta n ts  o f th e  New England co a s t. 
A fte r s u f f e r in g  n e a r ly  com plete  a n n ih i la t io n  a t  th e  hands o f th e  
m i l l in e ry  in d u s try  d u r in g  th e  l a t e  1800’s , la r g e  p o p u la tio n s  now 
c o lo n ize  in s u la r  and c o a s ta l  re g io n s  (Drury 1973)* B o rro r (1980) 
re p o rte d  th e  o ccu rren ce  o f 3735 and 1552 b reed in g  p a i r s ,  r e s p e c t iv e ly ,  
on th e  is la n d s  o f th e  I s l e s  o f  S h o a ls, Maine a lo n e . P ro te c tio n  from  
human p re d a tio n  has h e lp ed  to  enhance p o p u la tio n  grow th  and range 
expansion .
K adlec and D rury (1968) docum ented a  h igh  in c id e n c e  o f  n a tu r a l ly  
o c c u rr in g  m o r ta l i ty  w i th in  th e  expanding New England g u l l  p o p u la tio n . 
F a c to rs  c o n tr ib u t in g  to  non-human g u l l  m o r ta l i ty  a re  c l im a t ic  c o n d it io n s  
(Kadlec and Drury 1968), c an n ib a lism  (P arsons 1971), p re d a tio n  (D avis 
and Dunn 1976, P arsons 1976, and Weaver 1970), and i n t e r s p e c i f i c  
a g g re ss io n  (M cG ill 1977). When coupled  w ith  p o p u la tio n  grow th , n a tu r a l  
m o r ta l i ty  p roduces an abundant c a r r io n  re so u rc e .
C a rr io n  i s  a s ig n i f i c a n t  component o f b io lo g ic a l  com m unities, 
p ro v id in g  food and s h e l t e r  f o r  numerous o rgan ism s (Johnson 1975). A 
knowledge o f  th e  o rg an ism s and p ro c e sse s  in v o lv ed  in  th e  r e d i s t r i b u t i o n  
o f t h i s  re so u rc e  i s  im p o rta n t f o r  u n d e rs tan d in g  th e  ecology o f l a r g e r  
com m unities w ith in  w hich c a r r io n  o ccu rs  (Odum 1971). C a rr io n  eco logy  i s  
im p o rta n t to  m e d ic o -le g a l a u th o r i t i e s  as  a to o l  u s e fu l in  d e te rm in in g  
tim e o f  d e a th  (N uorteva 1977).
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T his paper d e s c r ib e s  th e  s t r u c tu r e ,  su c c e ss io n , and s e a s o n a l i ty  o f 
g u l l  c a r r io n  com m unities s tu d ie d  on i s la n d s  in  th e  G u lf o f  Maine d u rin g  
1980-82. S p e c ia l a t t e n t i o n  i s  g iv en  to  th e  c a r r io n  f re q u e n tin g  
A rthropoda. Payne (1965) d em o n stra ted  th e  dom inant r o le  th a t  a r th ro p o d s  
p lay  in  th e  d e c o m p o s itio n a l p ro ce ss . A lthough s e v e ra l  a u th o rs , in c lu d in g  
I l l in g w o r th  (1926), F u l le r  (1934), Howden (1950), B ornem issza (1957),
Reed (1958), Denno and C othran  (1975), and McKinnerney (1978), have 
exam ined c a r r io n  community eco logy  no s tu d ie s  p u b lish ed  to  d a te  d ea l 
w ith  c a r r io n  com m unities o c c u r r in g  in  te m p e ra te  c o a s ta l  re g io n s  o f  N orth  
America.
MATERIALS AND METHODS
We conducted f i e l d  work from May 1980 th rough  F ebruary  1982 on th e  
I s l e s  o f S h o a ls , a  group o f  sm a ll i s la n d s  lo c a te d  10 km SE o f P ortsm outh , 
New Hampshire on th e  Maine-New Ham sphire s t a t e  l i n e  (49°59'N, 70°37'W). 
The I s l e s  o f S hoals c o n s t i tu t e  th e  s o le  a rc h ip e la g o  a long  an 80 km 
s t r e t c h  o f  New England c o a s t  betw een Cape Ann, M assach u se tts  and Casco 
Bay, Maine (F ig . 1). T h e ir  topography in c lu d e s  rocky in te r n a l  r id g e s  
and v a l le y s ,  p e r ip h e ra l  c l i f f s ,  and cobble beaches, r e s u l t i n g  from 
g la c ia l  a c t i v i t y  d u rin g  th e  W isconsin  g l a c i a l  advance. Of th e  nine 
i s la n d s  A ppledore i s  th e  l a r g e s t  w ith  an ap p ro x im a te  lan d  a re a  o f  36.6 
ha. A ppledore I s la n d  houses f a c i l i t i e s  o f  th e  C o rn e ll U n iv e r s i ty /  
U n iv e rs ity  o f  New H am pshire sponsored  S h o a ls  M arine L ab o ra to ry , w here 
re se a rc h  f a c i l i t i e s  a re  lo c a te d .
The is la n d s  o f f e r  a  v a r ie ty  o f c o a s ta l  h a b i ta t s  p ro te c te d  from  
human d is tu rb a n c e . Large c o lo n ie s  o f  H errin g  and G rea t B lack-backed  
G u lls  in s u re  an ample supply  o f c a r r io n . D e ta ile d  d e s c r ip t io n s  o f 
p h y s ic a l and b io lo g ic a l  c h a r a c t e r i s t i c s  o f th e  I s l e s  o f  S hoals a re  
p u b lish ed  in  B loom shield  (1975), Boden (1977)> B orro r (1980), F o w ler- 
B i l l in g s  (1959), and K ingsbury (1976).
We u t i l i z e d  60 a d u l t  g u l l  and 24 ch ick  c a rc a s s e s  d u rin g  th e  
study. A pproxim ately  120 a d d i t io n a l  specim ens w ere a ls o  exam ined b u t 
not r o u tin e ly  sam pled.
Each month we p laced  3 a d u l t  c a rc a s s e s  in  each o f two h a b i t a t s ,  
g r a n i te  r id g e , and cobble beach, th e  h a b i ta t s  m ost commonly c o lo n ized  by 










Figure 1. Location of the Isles of Shoals along the New England Coast
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c l i f f  to p s  on th e  e a s t e r ly  and c e n t r a l  p o r t io n s  o f th e  is la n d s .  Here 
law ns o f s h o r t  g ra s s  and shrub b o rd e rs  (1.5 m ete rs)  h igh  p redom ina te  
and s o i l  2 -  7 cm deep i s  p re se n t. Cobble beaches p red o m in a te  a lo n g  th e  
s h o re lin e  in  p ro te c te d  a re a s  and a re  composed o f t i l l ,  ran g in g  from 
se v e ra l c e n tim e te r s  to  over a m ete r in  d ia m e te r . A few s p a rs e ly  
d is t r ib u te d  h e rb s  a re  th e  only  p la n ts .  Boden (1977) p ro v id e s  a  d e ta i le d  
d e s c r ip t io n  o f  th e  v a s c u la r  f lo r a  o f  A ppledore.
We p laced  a d u l t  c a rc a s s e s  beneath  m eta l m ilk  c r a te s  (30x30x26 cm) 
spaced a minimum o f  10 m a p a r t  to  p r o te c t  them from p re d a tio n  and 
rem oval by v e r te b r a te  scav en g ers  in  s i t e s  w here n a tu ra l  m o r ta l i ty  i s  
common. We used s ic k  o r  in ju re d  g u l l s  and s a c r i f i c e d  them j u s t  p r io r  to  
f i e l d  p lacem ent. C arcasses  on beaches w ere lo c a te d  in  n e s tin g  zones 
ap p ro x im a te ly  3 m above maximum high  t id e  and w ere never in u n d a ted  by 
seaw ate r.
C arcass a r th ro p o d s  w ere sam pled d a i ly  f o r  th e  f i r s t  5 day3 and 
every  2-3 days t h e r e a f t e r .  C o n sid erab ly  lo n g e r  p e r io d s  betw een sam ples 
o ccu rred  d u rin g  l a t e  f a l l ,  w in te r ,  and e a r ly  s p r in g  when c a r r io n  
abundance and a c t i v i t y  was m inim al. We desig n ed  sam pling  and r e p l i c a t e  
reg im es to  in s u re  c o l l e c t io n  o f o rgan ism s r e p re s e n ta t iv e  o f  a l l  
su c c e ss io n a l s ta g e s  and seasons.
I n v e r te b r a te s  o c c u rr in g  on th e  upper su rfa c e , in s id e ,  and b eneath  
c a rc a ss e s  w ere counted and b eh av io r no ted . R e p re se n ta tiv e  c o l l e c t io n s  
w ere made u s in g  s ta n d a rd  en to m o lo g ica l equipm ent ( a s p i r a to r s ,  fo rc e p s , 
n e ts , e tc .) .  Only re fe re n c e  specim ens w ere removed to  m in im ize c a r r io n  
community d is tu rb a n c e . We p rese rv ed  c o l le c t io n s  by s ta n d a rd  tec h n iq u e s  
(P e te rso n  1966) and re tu rn e d  them to  th e  la b o ra to ry  f o r  i d e n t i f i c a t i o n .  
Specimens o f l a r v a l  D ip te ra  w ere re a re d  to  a d u l ts  on b eef l i v e r .  We
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m easured c a r r io n  mass on a t r i p l e  beam b a lan ce  and made p h o to g ra p h ic  
rec o rd s  o f c a r r io n  ap pearance d u rin g  each sam p lin g  p e rio d .
C lim a to lo g ic a l d a ta  in c lu d in g  a i r ,  ground, and in t e r n a l  c a rc a s s  
te m p e ra tu re , p r e c i p i t i a t i o n ,  and wind speed and d i r e c t io n  w ere a ls o  
c o l le c te d .
Two r e p l i c a t e s  o f 12 a d u l t  g u l l  and 12 c h ick  c a rc a s s e s  w ere exposed 
to  v e r te b r a te  p re d a tio n . V isu a l o b s e rv a tio n s  o f  v e r te b r a te  scaveng ing  
b eh av io r (0800 -  2000) w ere reco rd ed .
We c a lc u la te d  th e  Shannon-W eaver in d ex  o f g e n e ra l d i v e r s i t y  (H1) 
fo r  each s u c c e s s io n a l s ta g e :
s
H' = -  E P^l nPj^ 
i=1
w here: s i s  th e  number o f ta x a  l i s t e d  f o r  the  s u c c e s s io n a l s ta g e  and
i s  th e  p ro p o r tio n  o f th e  t o t a l  number o f in d iv id u a ls  in  th e  i t h  tax o n  
(Southwood 1978). Evenness (J) was a ls o  c a lc u la te d  f o r  each 
su c c e s s io n a l s ta g e  (P ie lo u  1969):
w here: H* i s  th e  observed  d iv e r s i t y  and H'max i s  th e  maximum p o s s ib le
d iv e r s i ty  fo r  a community w ith  th e  same number o f sp e c ie s .
S im ila r  te c h n iq u es  o f c a r r io n  sam pling  a n d /o r  a n a ly s is  have been 
u t i l i z e d  by Johnson (1975), Payne (1965), Payne and C ro ss ley  (1966), 
McKinnerney (1978), and Reed (1958).
RESULTS AND DISCUSSION
C om m unity ,S tructure  
We c o l le c te d  65 s p e c ie s ,  r e p re s e n t in g  46 f a m il ie s  o f in v e r te b r a te s ,  
d u rin g  th e  s tu d y . A ll b u t 2 s p e c ie s  (G astropoda) w ere a r th ro p o d s . 
Dominance o f a r th ro p o d s  i n  c a r r io n  com m unities i s  w e ll  docum ented 
(Putnam 1978). Three o rd e rs  o f  i n s e c t s ,  D ip te ra , C o leo p te ra , and 
Hymenoptera accoun ted  f o r  75$ o f  th e  s p e c ie s  c o l le c te d .  Payne (1965) 
found th e se  g roups to  r e p re s e n t  78$ o f th e  in v e r te b r a te s  f re q u e n tin g  p ig  
c a r r io n  in  South C a ro lin a .
We c o l le c te d  59 s p e c ie s  from g r a n i te  r id g e  h a b i ta t s  and 41 from  
cobble beaches. R idges w ere found to  have a s ig n i f i c a n t ly  g r e a te r  
d iv e r s i ty  (P<.05» t - t e s t )  in  a l l  b u t th e  e a r l i e s t  decay s ta g e  and 
s ig n i f i c a n t l y  g r e a te r  evenness (P<.01, t - t e s t )  i n  th e  l a t e r  s ta g e s  o f  
deco m p o sitio n  (T able I ) .  Com plete d eco m p o sitio n  re q u ire d  l e s s  tim e  (x = 
31 days) on cobble  beaches th a n  on r id g e s  (x = 39 days). Most s p e c ie s  
c o l le c te d  w ere common a s s o c ia te s  o f  c a r r io n  th ro u g h o u t the  e a s te rn  
U nited  S ta te s  (Payne 1965). O thers  w ere ty p ic a l  o f  w rack com m unities 
a lo n g  th e  New England c o a s t  (Behbehani 1978, Glennon 1979).
D e s c r ip tio n s  o f  th e  m ajo r c a r r io n  f re q u e n tin g  a r th ro p o d s  enco u n tered  
d u rin g  th e  s tu d y  a re  g iv en  below.
F ive e c o lo g ic a l  g u i ld s  w ere e v id e n t w i th in  g u l l  c a r r io n :  ( i )
Necrophages -  s p e c ie s  fe e d in g  d i r e c t ly  on c a r r io n  or th e  p ro d u c ts  o f 
decay, ( i i )  N ecro p h ile s  -  s p e c ie s  u s in g  c a r r io n  fo r  s h e l t e r  o r o c c u rr in g  
a c c id e n ta l ly ,  ( i i i )  P re d a to rs  -  th o se  p rey in g  on c a r r io n  community 
members, ( iv )  N ec ro p h ag es /P red a to rs  -  sp e c ie s  fe e d in g  on in v e r te b r a te s
24
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Table I. D u ra tio n  , d iv e r s i ty ,  and evenness o f  g u l l  c a r r io n  
s u c c e s s io n a l s ta g e s
F resh






D iv e r s i ty  -  H' 







Evenness -  J  







A ctive  10 10
.96 .42*
± .1 9  ±.11
.41 .29
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GR = G ra n ite  R idge; CB = Cobble Beach 





decaying m a te r ia ls  as  w e l l ,  (v) P a r a s i te s  -  p a r a s i t e s  o f c a r r io n  
in h a b i ta n ts .  F ig u re s  2 and 3 i l l u s t r a t e  th e  g e n e ra liz e d  t ro p h ic  
r e la t io n s h ip s  betw een g u i ld s  f o r  r id g e s  and beaches r e s p e c t iv e ly .
S im ila r  c l a s s i f i c a t i o n s  have been proposed by M orley (1907) and 
McKinnerney (1 9 7 8 ).
Necrophagous--Group
We c o l le c te d  26 s p e c ie s  o f necrophagous a r th ro p o d s , 22 on g r a n i te  
r id g e s  and 17 on cobble beaches. In  each h a b i t a t  r e p r e s e n ta t iv e s  o f  2 
f a m il ie s ,  C a ll ip h o r id a e  and D erm estidae , p redom inate . Blow f l i e s  
(C a llip h o rid a e )  dom inated th e  e a r ly  s ta g e s  o f  decay. A dults  u s u a lly  
o ccu rred  a t  c a rc a s s e s  w i th in  10 m inu tes  a f t e r  f i e l d  p lacem ent. 
O v ip o s itio n  was r e s t r i c t e d  to  th e  f i r s t  3 days, b u t a d u l ts  co n tin u ed  to  
occur s p o ra d ic a l ly  th ro u g h o u t d eco m p o sitio n  fe e d in g  on th e  f lu id s  o f 
p u t r i f a c t io n .  Blow f ly  la rv a e  w ere th e  p rim ary  c a r r io n  consum ers, 
fe e d in g  f o r  8-10 days b e fo re  m ig ra tin g  in to  th e  s u b s t r a te  to  pupate . Up 
to  9025 o f  c a r r io n  mass was l o s t  d u rin g  l a r v a l  c a l l ip h o r id  feed in g . Four 
sp e c ie s , C a llip h o ra  v ic in a  (R obineau-D esvoidv). Cy.npmy.gp.3l g  .oada.yjr.ina 
(Robineau-D esvoidy), L u c i l ia  l l l u s t r u s  (M eigen), and £hg£ffila. PSPIn a  
(Meigen) fre q u e n te d  bo th  cobble beaches and g r a n i te  r id g e s . An 
a d d i t io n a l  s p e c ie s , C ochliom yia m an cella r-ia  (F a b ric iu s )  o ccu rred  r a r e ly  
on r id g e s  alone.
Two sp e c ie s  o f D erm estidae , D erm estes oan inus (Germar) and 
P erm eates v u lp in u s  (F a b r ic iu s ) ,  c o lo n iz e  g u l l  c a r r io n . W hile 
in d iv id u a ls  w ere p re se n t d u rin g  the  e n t i r e  decay p ro cess , m ost (86?) 
were a s s o c ia te d  w ith  l a t e r  d eco m p o sitio n a l s ta g e s , fo llo w in g  blow f ly  
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Fig. 2 GENERALIZED TROPHIC RELATIONSHIPS OF 
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Fig. 3 GENERALIZED TROPHIC RELATIONSHIPS OF 
GULL CARRION ARTHROPODS -  COBBLE BEACH
Table I I .  R e la t iv e  abundance o f th e  m ajor necrophages b e e t le s  and 
p re d a to ry  a n ts  f re q u e n tin g  g u l l  c a r r io n
F resh  A c tiv e  Advanced Dry
GR CB GR CB GR CB GR CB
D erm estidae
X 0 .0 1.00* 14 .0 51.20*** 47 .50 72.25* 39.29 91.75***
SE 0 .0 .34 3.21 6.52 9 .80 6.62 6.62 7 .49
Form icidae
X 116.0 0.0*** 112.1 .33*** 62.67 .67*** 31.00 0.0***
SE 14.5 0 .0 14.15 .26 2 .76 .29
D erm estidae = D erm estes can ln u s  and D erm estes v u lp in u s
Form icidae = Tetram orium  caesp itu m  and Monomorium minimum




x = (m ean /ca rcass /d ay )
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t - t e s t )  w ere observed  on cobble  beaches (T able I I ) .  D erm estid s  fe e d  on
d rie d  an im al t i s s u e s  (D illo n  and D illo n  1972).
The sap b e e t le ,  J S te lid a ta  g e rm in a te  (Say) (N it id u l id a e ) ,  was a ls o  
p re se n t in  s u b s ta n t ia l  numbers on c a rc a s s e s  in  bo th  h a b i t a t s  (F ig s . 6
and 7), and fed  on th e  l i q u i f i e d  p ro d u c ts  o f  decay. The sm a ll s iz e  and
fe e d in g  h a b i t s  o f  t h i s  b e e t le  l i m i t  i t s  im p o rtan ce  in  g u l l  deco m p o sitio n .
The rem ain in g  necrophagous s p e c ie s  o cc u rred  in  low abundance (F igs.
6 and 7) and had a  m inor im p act on d e co m p o s itio n a l r a te .  Among th e se  
were s e v e ra l  common c a r r io n  in h a b i ta n ts :  Sarcophaga b u l l a t a  (Park)
(S acrophag idae), E a n n ia  c a n ic u la r i s  (D esvoidy) (F a n iid ae ), P io p h i la  
l a t i o e s  (Meigen) (P io p h il id a e ) ,  S e p s is  punoturn (F a b ric iu s )  (S ep sid ae ), 
Tr_ox v a r io la tu s  (M elsheim er) (T ro g id ae), and N ecrophorous tom entosus 
(Weber) and S ilp h a  n o v eb o racen s is  (F o rs te r )  (S ilp h id a e ) . F u r th e r  
c o n s id e ra t io n  i s  g iv en  to  sp e c ie s  o f  m inor im p o rtan ce  in  th e  d is c u s s io n  
of s u c c e s s io n .
Predaceous Group
T w en ty -th ree  p re d a to ry  s p e c ie s  c o lo n iz e  g u l l  c a r r io n ,  18 on r id g e  
c a r r io n  and 14 on cobble  beaches. R e p re s e n ta tiv e s  o f  2 f a m i l ie s  o f 
b e e t le s ,  H is te r id a e  and S ta p h y lin id a e , w ere common to  bo th  a re a s . Three 
s ta p h y l in id s ,  A leocara  l a t a  (G rav en h o rs t), m ax illo a iia
(L inne), and P h ilo n th u 3  p o l i tu s  (C u r tis ) ,  w ere abundant. A f o u r th  
s p e c ie s , S ta p h v lin u s  .v io laceo u s (G rav en h o rs t) . o ccu rred  r a r e ly  and only  
on r id g e s . Three h i s t e r i d s ,  Pachyloous f r a te r n u s  (Say), S ap rin u s  
conform  i s  (LeConte), and S ap rin u s  a s s i m i l i s  (P ay k u ll) w ere common in  
both h a b i ta t s .  We c o l le c te d  S ap rin u s  p en n sv lv an icu s  (P ay k u ll)  only  on 
beaches. S ta p h y lin id s  and h i s t e r i d s  w ere commonly observed  fe e d in g  on 
la r v a l  d ip te r a  and c o le o p te ra .
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An i n t e r t i d a l  ea rw ig , A n iso la b is  m a r itim e  (Gene) (D erm aptera), was 
common on cobble beach c a r r io n  and a ls o  preys on in v e r te b r a te s  
in h a b i t in g  decaying  seaweed (Glennon 1979). S ev e ra l m inor p re d a to rs , 
in c lu d in g  A nth icus ci.jn.ctus, (Say) (A n th ic id ae ), S a l t ic u s  siiejucug.
(C lerck) and P ardosa l a p i c in a  (Emerton) (A ranea), and A renoph ilus 
(Chilopoda) were r e s t r i c t e d  to  beaches as  w e ll.
The m ost abundant p re d a to r  f re q u e n tin g  r id g e  c a r r io n  was th e  a n t 
Tetram orium  caesp itum  (L inne) (F o rm icidae). S ig n i f ic a n t ly  g r e a te r  
numbers o f in d iv id u a ls  (P<.001, t - t e s t )  o ccu rred  on g r a n i te  r id g e s  
th roughou t th e  decay p ro c e ss  (Table I I ) ,  p rey in g  upon la r g e  numbers o f 
eggs and la rv a e  o f necrophagous sp e c ie s . The p re d a to ry  in f lu e n c e  o f 
th e se  a n ts  was an im p o rta n t f a c to r  d e c re a s in g  th e  d eco m p o s itio n a l r a t e  o f 
c a r r io n  on r id g e s . S ev e ra l l e s s  numerous p re d a to rs , in c lu d in g  Monotoma 
p ic lp e s  (Hbst.) (R hizophagidae), L eb ia  v i r l d i s  (Say) and P.9CgjLLU3 
lu cu b lad u s  (Say) (C arab idae),and  A geienou3is .p.o.tJbegj (B lack w all)
(A ranea), o ccu rred  s o le ly  upon r id g e s  as w e ll.
N ecroph ilous Group
T e r r e s t r i a l  iso p o d s  w ere th e  m ost abundant n e c ro p h ilo u s  group in  
both  h a b i ta t s .  P o r c e l l io  r a th k e i  (B randt) and .PJhl jLpjgci a V-i.t-ka.t-3 (Say) 
o ccu rred  only  on g r a n i te  r id g e s  and cobble beaches r e s p e c t iv e ly .
P o rc e l l io  scab e r ( L a t r e i l l e )  was common to  bo th  a re a s . The m il l ip e d e  
Nacerus am ericanus (L inne) was a ls o  p re se n t in  both  h a b i t a t s ,  a lth o u g h  
only in  sm a ll numbers. Two sp e c ie s  o f t e r r e s t r i a l  s n a i l s ,  V a llo n ia  
p u lc h e lla  (M ueller) and P o lvgvra  sp .. were encoun tered  r a r e ly .  These 
s n a i l s  r e p re s e n t  the  on ly  n o n -arth ro p o d  in v e r te b ra te s  c o l le c te d  d u rin g  
th e  study , and w ere found on r id g e s  only. O ther n ec ro p h ilo u s  s p e c ie s  
were a c c id e n ta ls  and re p re s e n te d  ap p ro x im a te ly  one in d iv id u a l  per c a rc a ss .
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P a ra s i t ic ..  Group
A s in g le  sp e c ie s  o f  m ite , P o e c ilo c h iru s  s p .  .  was th e  only common 
p a r a s i te  en coun tered  on g u l l  c a r r io n . I n d iv id u a ls  p a r a s i t iz e d  a v a r ie ty  
o f p re d a to ry  b e e t le s ,  in c lu d in g  sp e c ie s  o f H is te r id a e ,  S ta p h y lin id a e , 
and S ilp h id a e . O ther p a r a s i t e s  (C ynipidae, Ichneum onidae, and 
T achin idae) w ere r a r e ly  c o l le c te d  o r s u c c e s s fu l ly  re a re d  from  la r v a l  
d ip te ra n  h o s ts .
Many s p e c ie s  o f  i n s e c t  c o l le c te d  from  g u l l  c a r r io n ,  Coelopa f r l g i d a  
(F a b ric iu s )  (C oelop idae), Ephvdra r i o a r i a  (F a lle n )  (E phydridae), Eannla 
c a n ic u la r l s  (Desvoidy) (M uscidae), A renoph ilus s&. (C hilopoda),
Trombidium SB, (A rc a rin a ) , Pando.s.a l aPiA tcin a  (A ranea), and th e  am phi pod 
O rc h e s tr ia  p l a t e n s i s  (K royer), t y p ic a l ly  in h a b i t  c o a s ta l  w rack 
com m unities. These s p e c ie s ,  however, p layed  on ly  a m inor r o le  in  g u l l  
decom position . Only one in s e c t  sp e c ie s , A n iso la b is  marJL.tlma (D erm aptera), 
was found to  be a s ig n i f i c a n t  p a r t  o f  bo th  w rack and g u l l  c a r r io n  
com m unities. The im p o rtan ce  o f c a r r io n  s p e c ia l iz in g  in s e c ts  in  th e  
decom position  o f  c a rc a s s e s  lo c a te d  in  h a b i t a t s  w ith  s tro n g  m arine 
in f lu e n c e s  i s  e v id en t.
The im p o rtan ce  o f  c l im a t ic  in f lu e n c e s  on c a r r io n  community 
s t r u c tu r e  have been em phasized by Jacq u es  (1915), Walsh (1931) Kaufman 
(1937), W alker (1957), and Reed (1958). C arcasses  lo c a te d  in  " le s s  
exposed" a re a s  c h a r a c t e r i s t i c a l l y  su p p o rt a g r e a te r  v a r ie ty  o f sp e c ie s  
and decompose a t  s lo w er r a te s .  We observed s im i la r  p a t te rn s  on 
Appledore. C arcasses lo c a te d  on r id g e s  su p p o rted  a g r e a te r  d iv e r s i ty  o f 
in h a b i ta n ts  and decomposed more slow ly  than  th o se  on cobble beaches.
Lower te m p e ra tu re s  on r id g e s , p a r t i c u la r ly  d u rin g  l a t e r  decay (Table 
I I I ) ,  reduced  wind v e lo c i ty  a t  h e ig h ts  l e s s  th an  1 m (Table IV), g r e a te r
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Table I I I .  A ir, ground, and c a rc a s s  te m p e ra tu re  m easurem ents 
f o r  s u c c e s s io n a l s ta g e s  o f g u l l  c a r r io n
A ir Ground C arcass
Em CB EM CB EM CB
F resh 4.06 3.56 7.17 6.11 3.83 4 .72
1.29 .43 1.01 .69 .97 1.35
A ctive 6 .39 8.28* 9.11 8.17 7.00 7.00
.91 .57 .74 1.40 1.01 .66
Advanced .94 5 .22 4.56 8.28* 2.44 4.11
.27 2 .24 .72 1.63 .29 .85
Dry 10.83 11.50 9.28 14.28* 8 .72 12.95
.92 1.23 1.38 1.74 1.38 1.81
S ig n if ic a n c e  l e v e l s :  *(.01<P<.05) (S tu d e n ts  t - t e s t )  
A ll v a lu e s  = x +SE
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Table IV. Windspeed (m /sec) m easurem ents f o r  g r a n i te  r id g e  and cobble
beach a re a s  ( I s l e s o f S h o a ls)
H eight G ra n ite Ridges Cobble Beaches
X SE X SE
2 .0  m 3.10 .48 2 .98 .55
1 .0  m 1.46 .29 1.28 .07
.5  m • 70 • 30 1.31 .15*
.08 m .20 .18 .70 • 13*
• S ig n if ic a n c e  L e v e l: P<.05 (S tu d e n ts  t - t e s t )
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shad ing  by v e g e ta t io n  (M cG ill 1977)» and p resen ce  o f o rg a n ic  s o i l s  
(Boden 1977)» a l l  c h a r a c t e r i s t i c  o f  r id g e s ,  enhanced a r th ro p o d  c o lo n iz a ­
t io n  and s u rv iv a l .  In c re a se d  r id g e  community co m p lex ity  r e s u l te d  in  
c o n s is te n t ly  g r e a te r  p ro p o rtio n s  o f p re d a to rs  and few er p rim ary  c a r r io n  
consum ers (F ig . 4), th u s  m odera ting  decay r a te .
D rie r  c o n d itio n s  on cobble beaches r e s u l t i n g  from  h ig h e r  
te m p e ra tu re s , g r e a te r  wind speed, and la c k  o f  v e g e ta t io n  in c re a se d  th e  
r a t e  o f c a rc a s s  d eh y d ra tio n . D r ie r  t i s s u e s ,  d u rin g  th e  l a t e r  s ta g e s  o f  
decay, su p p o rted  s ig n i f i c a n t l y  g r e a te r  p o p u la tio n s  o f d e rm e s tid  b e e t le s  
(Table I I ) ,  enhancing  decom position .
No s ig n i f i c a n t  d i f f e r e n c e s  in  community s t r u c tu r e  w ere found 
betw een g u l l  s p e c ie s . The la r g e r  B lack-backed  G u lls  (x 1575.0 g BBG, vs 
x 1132.0 g HG) su p p o rted  c o n s is te n t ly  l a r g e r  numbers o f in d iv id u a ls ,  bu t 
d if f e r e n c e s  w ere no t s t a t i s t i c a l l y  d i f f e r e n t .
S u ccess io n
As c a r r io n  decomposes i t  p asses  th ro u g h  a s e r i e s  o f  p r e d ic ta b le  
p h y s ic a l changes (Johnson 1975). A lthough d eco m p o sitio n  i s  co n tin u o u s, 
in v e s t ig a to r s  have d iv id e d  th e  p ro cess  in to  v a r io u s  s ta g e s  based on 
p h y s ic a l appearance and c h a r a c t e r i s t i c  fa u n a l a s s o c ia te s  (McKinnerney 
1978). We reco g n ized  fo u r  d eco m p o s itio n a l s ta g e s  -  f r e s h ,  a c t iv e  decay, 
advanced decay, and d ry  -  o c c u rr in g  in  g u l l  c a r r io n . T his c l a s s i f i c a t i o n  
approx im ates th a t  o f McKinnerney (1978) proposed  f o r  r a b b i t  c a rc a s s e s  in  
d e s e r ts .  Our c l a s s i f i c a t i o n  i s  based on c h a r a c t e r i s t i c s  o f p h y s ic a l 
appearance, d eco m p o s itio n a l c h em is try , fa u n a l assem b lag es , and p a t te r n s  
of d iv e r s i ty  and s im i l a r i t y .  F ig u re  5 i l l u s t r a t e s  th e  s u c c e ss io n a l 
s tag e s  o f g u l l  c a rc a s s  deco m p o sitio n  fo r  g r a n i te  r id g e s  and cobble 










Fig. 4  PERCEN T COM POSITION OF NECROPHAGOUS, PREDATORY, AND
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Figure 5 .  SUCCESSIONAL STAGES OF GULL CARRION AS 
INDICATED BY CHANGES IN SPECIES DIVERSITY .
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su c c e ss io n a l a r ra y  was in d ic a te d  by th e  B ra y -C u rtis  index . The 
abundances o f ta x a  (x /c a rc a s s /d a y )  a s s o c ia te d  w ith  each s ta g e  a re  
summarized f o r  r id g e s  and beaches in  f ig u r e s  6 and 7 r e s p e c t iv e ly .  A 
d e s c r ip t io n  o f th e  c h a r a c t e r i s t i c s  o f each s ta g e  i s  g iven  below.
Fresin S tag e ..(d u ra tio n :. 3 d a y s !
The f r e s h  s ta g e  began w ith  g u l l  d ea th  and averaged  th re e  days 
d u ra tio n . D uring t h i s  tim e  c a r r io n  appeared  f re s h . No odors w ere 
n o tic e d  and th e re  w ere no e x te rn a l  s ig n s  o f decay d u rin g  e a r ly  phases o f 
an ae rab ic  d eco m p o sitio n  ( p u tr i f a c t io n ) .  A dult blow f l i e s  
(C a llip h o rid a e )  w ere th e  d ia g n o s t ic  fa u n a l group. A dult f l i e s  w ere 
commonly observed  o v ip o s i t in g  on m o is t c lo a c a l ,  o c u la r , and o r a l - n a s a l  
membranes, and on e x te r n a l  le s io n s  when p re se n t. A dults a ls o  fed  on 
f lu id s  p re se n t in  th e se  same re g io n s . C a ll ip h o ra  y j-.elna, CymonAopgjLg 
c ad av e rin a . and L u c i l i a  lUuafcEBfi c o lo n ized  c a rc a s s e s  on day one.
Phormia re g in a  a r r iv e d  l a t e r ,  u s u a lly  on day th re e ,  a lo n g  w ith  th e  f le s h  
f ly  Sarcophaga b u la ta . On r id g e s  a n ts  and iso p o d s w ere a ls o  p re se n t 
du rin g  t h i s  s tag e . On beaches s p id e r s  o ccu rred , p rey in g  on a d u l t  f l i e s .  
S pecies d iv e r s i ty  in  bo th  h a b i t a t s  was low , s i m i l a r i t y  h igh. D uring th e  
l a t e r  p o r t io n  o f th e  f r e s h  s ta g e , m inor in d ic a t io n s  o f  b lo a t in g  (Johnson 
1975, Payne 1965) w ere e v id e n t. Minor s w e llin g  and p ro tru s io n  o f th e  
p e r ic lo a c a l  t i s s u e s  o ccu rred . B lo a tin g  was no t s u f f i c i e n t ly  consp icuous 
in  g u l l s  to  w a rra n t c l a s s i f i c a t i o n  as a s e p a ra te  d eco m p o sitio n a l s tag e .
Active. Decay (d u ra t io n ;  10 days.)
The a c t iv e  s ta g e  commenced w ith  th e  o n se t o f a e ro b ic  decom position . 
By th i s  tim e  body openings e m itte d  f lu i d s  and consp icuous odors. 
C h a r a c te r i s t i c a l ly ,  l a r v a l  blow f l i e s  (C a llip h o rid a e )  and f le s h  f l i e s
Postmortem Interval ( d a y s )
2 4  6 8 10 12 14 16 18 2 0  2 2  2 4  26 28  3 0  32  36  4 0
i i
C all ip h o r id a e 12 20 | 19 27 16 4 1
larvae E t | L L L P P p | p P
Sarcophagidae i ; 1 2
Piophilidae i1 5 6 5 3 5 2 3 3 1
Sepsidae 11 1
Ephydridae 11 9 2
Staphylinidae
V
1 9 22 9 45 28 15 12 8 7 5 5 3 2 2 1
Histeridae 11 3 15 2 1 8 7 2 1 3 3 1
Si 1 phi dae 1| 2 1
Trogidae 11 1 1 2 2 2 1 1 1
Dermestidae 11 10 8 15 26 II 19 20 23 28 41 26 20 20 20 12 3
larvae 1
I
2 4 0 25 41 20 29 31 34 34 15
Carabidae
1
1 2 3 1 1 1 3 1
Nitidulidae 1j 5 4 27 17 8 6 5 13 10 9 7 6 1 2 1
Formicidae 104 98 | 73 81 115 160 127 117 57 63 75 63 56 62 50 41 22 22 II
Acarina 11 1 8 10 8 32 31 II 17 23 37 31 18 6
Isopoda 36 [ 48 93 108 139 84 46 41 44 67 62 63 63 56 50 24 23
Aranea 11 1 1 1 1
fresh 1
i
ac t ive a d v a n ce d dryI . . .  i i   - ................ -  ■
E= e ggs  , L= l arvae,  P=pupae 
All va lues  = X/day
Figure 6 . ABUNDANCE OF ARTHROPODS FOR SUCCESSIONAL STAGES OF GULL 
DECOMPOSITION -  GRANITE RIDGES .
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Dermestidae 1I 2 19 23 25 44 44 | 22 41 29 27 29 19 19 5 5
larvae 11 14 21 25 19 38 * 50 39 43 42 79 87 87 54 12
Aranea 11 5 2 3 1
1
1 j 1 1 1 1 1
Acarina i 11 6 6 1 3
Diplopoda 5 ! 8 5 6 1
Chilopoda 11
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f re sh  i a c t ive
1
1 a dvanced dry
E = e g g s ,  L = l a r v a e ,  P = pupae 
All values = X /  day
Figure 7 . ABUNDANCE OF ARTHROPODS FOR SUCCESSIONAL STAGES OF GULL 
DECOMPOSITION — COBBLE BEACHES .
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(S arcophag idae) fed  i n i t i a l l y  a t  m o is t body open ings n ea r o v ip o s i t io n  
s i t e s .  They m ig ra ted  l a t e r  th ro u g h o u t th o ra c ic  and abdom inal re g io n s , 
s e c r e t in g  enzymes, d is s e m in a tin g  fu n g i and b a c te r ia ,  and a e r a t in g  
t i s s u e s ,  enhancing  t i s s u e  l i q u i f a c t i o n  and a e ro b ic  decay (Payne 1965). 
Such a c t i v i t y  e v e n tu a l ly  d e s tro y e d  in t e r n a l  v is c e r a  and v e n t r a l  
in teg u m en t, p roducing  a d o rs a l  s h e l l  o f m u scu la tu re , e p ith e liu m , and 
co n n ec tiv e  t i s s u e .  C aesic  (p ro te in )  f e rm e n ta t io n  was e v id e n t by th e  
s ix th  day o f  a c t iv e  decay, in d ic a te d  by th e  a r r i v a l  o f  P io p h lla  l a t i p e s  
(P io p h ilid a e ) .  O ther f l i e s ,  in c lu d in g  r e p r e s e n ta t iv e s  o f  S epsidae  and 
Ephydridae on r id g e s  and C oelop idae on beaches, w ere a t t r a c t e d  to  
p ro te in a c e o u s  l iq u id s  a t  t h i s  tim e . Two f a m i l i e s  o f necrophagous 
b e e t le s ,  D erm estidae  and N it id u l id a e ,  a ls o  a r r iv e d  d u rin g  a c t iv e  decay; 
d e rm e s tid  la rv a e  on beaches only . N i t id u l id s  fed  on l iq u id s ;  
d e rm e s tid s  on d r ie r  p e r ip h e ra l  t i s s u e s .  V arious p re d a to ry  b e e t le s  w ere 
a t t r a c t e d  to  th e  la r g e  p o p u la tio n s  o f  f ly  la rv a e  d u r in g  t h i s  p e rio d . On 
r id g e s  S ta p h y lin id s ,  H is te r id s ,  C arab id s , and S ilp h id s  o ccu rred . 
S ta p h y lin id s , H is te r id s ,  and numerous A n iso lb is  m a ritim a  (D erm aptera) 
were p re se n t on beaches. Ants w ere numerous on r id g e s  only. C arcasses  
su p p o rted  th e  g r e a te s t  numbers o f in s e c ts  d u r in g  a c t iv e  decay. D iv e r s i ty  
d u rin g  t h i s  s ta g e  in c re a se d  sh a rp ly  and s i m i l a r i t y  betw een su c c e ss iv e  
days was h ig h ly  v a r ia b le .  T e rm in a tio n  o f  a c t iv e  decay was in d ic a te d  by 
th e  m ig ra tio n  o f l a r v a l  d ip te r a  in to  th e  s u b s t r a te  p r io r  to  p u p a r ia t io n .
Advanced Decay, (d u ra t io n : .  8 days CB_. 12. days. GR)
D uring t h i s  p e rio d  c a rc a s s e s  appeared  as hollow  s h e l l s .  M uscle, 
e p ith e liu m , and co n n ec tiv e  t i s s u e s  were p re s e n t ,  p a r t i c u la r ly  a s s o c ia te d  
w ith  bones and appendages. The s k e le to n  rem ained  la r g e ly  i n t a c t  and 
f e a th e r s  w ere s t i l l  a t ta c h e d  to  th e  d o rs a l  in teg u m en t. T issu e s  rem ained
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m o is t, w ith  th e  g r e a t e s t  ev idence o f d e s ic c a t io n  noted  p e r ip h e ra l ly .  
Necrophagous and p re d a to ry  b e e t le s  w ere th e  c h a r a c t e r i s t i c  fauna. 
S ta p h y lin id s , S i lp h id s ,  H is te r id s ,  T ro g id s, N i t id u l id s ,  and D erm estid s , 
occu rred  on r id g e s . L a rv a l d e rm e s tid s  w ere p re se n t fo r  th e  f i r s t  tim e , 
and w ith  t ro g id s ,  fed  on th e  d r i e r  t i s s u e s .  A dult and l a r v a l  d e rm e s tid s  
p redom inated  on b eaches, w ith  N i t id u l id s  and C o ry n e tid s  a ls o  p re se n t. 
Adult and im m ature D erm aptera and th e  c e n tip e d e , A renoph ilu s  so ., w ere 
th e  most abundant p re d a to rs . S p ec ies  d iv e r s i t y  rem ained  u n ifo rm ly  h igh , 
as d id  s i m i l a r i t y  betw een su c c e ss iv e  days. D iv e r s i ty  was enhanced by 
the  p resen ce  o f numerous n e c ro p h ilo u s  s p e c ie s  in  both  h a b i ta t s .  Term ina­
t io n  o f th e  advanced s ta g e  was no t as  c l e a r ly  d e l in e a te d  as o th e rs . 
C arrio n  d e s ic c a t io n , s k e le t a l  d i s a r t i c u l a t i o n ,  appearance o f  bare  bones, 
and p rescen ce  o f d ry  t i s s u e  s p e c i a l i s t s  o n ly , w ere th e  c h a r a c t e r i s t i c s  
u t i l i z e d .  S im ila r  c r i t e r i a  were used by McKinnerney (1978).
Dry S tage ( d u r a t io n: 10 days CB: 14 days, GR)
During th e  d ry  s ta g e  c a rc a s s e s  w ere reduced  to  a mass o f b a re , d i s ­
a r t i c u la te d  bones and f e a th e r s .  D ried  t i s s u e  rem nan ts  w ere removed by 
d e rm estid  b e e t le s  w hich p redom inated  in  bo th  h a b i ta t s .  These b e e t le s  
were th e  s o le  in h a b i ta n ts  on beaches. P o p u la tio n s  o f  N i t id u l id s ,
T rog ids, F o rm ic id s , and S ta p h y lin id s  p e r s i s te d  on r id g e s ,  b u t numbers o f 
in d iv id u a ls  s te a d i ly  d ecreased . D iv e rs i ty  a ls o  d ec reased  more r a p id ly  
on beaches th an  r id g e s .  S im i la r i ty  betw een su c c e ss iv e  days v a r ie d  but 
was g e n e ra lly  low. The end o f th e  d ry  s ta g e  was marked by th e  
p e r s is te n c e  o f b a re  bones only.
We do know how long  g u l l  bones re q u ire d  to  decompose on m arine is la n d s .
N uorteva (1977) found s i m i l a r i t i e s  betw een th e  s u c c e s s io n a l 
p a t te r n s  re p o rte d  f o r  mammal c a rc a s s e s  in  A u s tra l ia ,  Europe, Japan , and
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so u th e rn  U nited  S ta te s .  W hile d u ra t io n  o f s u c c e s s io n a l s ta g e s  observed  
fo r  g u l l s  on th e  I s l e s  o f S hoals d i f f e r e d  somewhat from mammal s tu d ie s ,  
th e  c h a r a c t e r i s t i c  i n s e c t  groups ( f a m i l ie s  and o f te n  genera) do m in a tin g  
each d eco m p o s itio n a l s ta g e  w ere e s s e n t i a l l y  s im i la r .
S e a s o n a lity
S easonal v a r ia t io n s  in  c a r r io n  abundance, a v a i l a b i l i t y  to  
necrophagous a r th ro p o d s , and community co m p o sitio n  w ere e v id e n t on th e  
I s l e s  o f S hoals. These changes r e s u l t  from tem p o ra l p a t te r n s  in  g u l l  
re p ro d u c tiv e  and fo ra g in g  b eh av io r, c l im a t ic  c o n d it io n s , and a rth ro p o d  
abundance.
G u lls  re tu rn e d  to  e s ta b l i s h  t e r r i t o r i e s  on th e  I s l e s  in  F ebruary  
and i n i t i a t e d  n e s tin g  d u rin g  March and e a r ly  A p ril. A dult c a rc a s s e s  
were m ost abundant d u rin g  t h i s  tim e . I n te r s p e c i f i c  a g g re ss io n  and 
en v iro n m en ta l s t r e s s  a re  su g g ested  as  th e  c h ie f  com ponents o f a d u l t  
m o r ta l i ty  (M cG ill 1977). H atching  o f young o ccu rred  i n  May and June, 
and from t h i s  tim e u n t i l  co m p le tio n  o f f le d g in g  in  e a r ly  August, 
ju v e n i le  c a r r io n  predom inated . G u lls  v ac a te d  th e  i s la n d s  fo r  in la n d  
w in te r in g  s i t e s  d u rin g  August and by Septem ber f r e s h  c a r r io n  became 
r a r e .
N e ith e r  H errin g  nor G rea t B lack-backed  G u lls  fed  on c a r r io n  d u rin g  
c o lo n iz a t io n  and n e s tin g . C arcasses  found on beaches and r id g e s  
f re q u e n tly  had been pecked about th e  head and neck, bu t v is c e ra  and 
m u scu la tu re  rem ained in  t a c t .  E x p erim en ta l an im a ls  re q u ire d  no cag ing  
d u rin g  t h i s  period . A fte r  th e  o n se t o f h a tch in g , g u l l s  began fo ra g in g  
upon ch ick  c a r r io n . Of 24 ch ick  c a rc a s s e s  te s te d  (12 on r id g e s  and 12 
on beaches) d u rin g  e a r ly  June, a l l  w ere consumed by g u l l s  w ith in  4 hours 
of f i e l d  p lacem ent. G rea t B lack-backed G u lls  consumed a  g r e a te r  number
(22) th an  d id  H errin g  G u lls  (2). No d i f f e r e n c e s  w ere no ted  betw een 
h a b i ta t s .  P re d a tio n  and can n ib a lism  a re  co n s id e red  m ajo r causes o f 
ju v e n i le  g u l l  m o r ta l i ty  (Davis and Dunn 1976, P arsons 1971» 1976, and 
Weaver 1970). Few ch ic k  c a rc a ss e s  w ere a v a i la b le  to  necrophagous 
a r th ro p o d s .
As g u l l  c h ick s  grew in  s iz e  and age, necrophagy by a d u l t  g u l l s  
expanded to  in c lu d e  a d u l t  c a rc a s se s . Of 24 a d u l t  c a rc a s s e s  exposed to  
g u l l  scaveng ing  d u rin g  J u ly  and A ugust, a l l  w ere consumed w i th in  36 
hours o f  f i e l d  p lacem en t. Scavenging g u l l s  c h a r a c t e r i s t i c a l l y  removed 
abdom inal v is c e r a  and m u scu la tu re , le a v in g  head, neck, and appendages 
uneaten . The esophagus and crop a ls o  rem ained. Both G rea t B lack-backed 
and H errin g  G u lls  w ere observed  scaveng ing  upon a d u l t  c a rc a s s e s , th e  
fo rm er more f re q u e n tly .  In c re a s in g  demands f o r  food p laced  upon p a re n ts  
by r a p id ly  grow ing young may i n i t i a t e  a  b e h a v io ra l change tow ards 
c a r r io n  u t i l i z a t i o n .  The p ro x im ity  to  n e s t  s i t e s  and la rg e  s iz e  o f 
o ld e r  ju v e n i le  and a d u l t  c a rc a s s e s  enhance e n e rg e t ic  fo ra g in g  
e f f ic ie n c y .  G u lls  w ere th e  only  v e r te b r a te s  observed  fe e d in g  on c a r r io n  
on th e  I s l e s .  McKinnerney (1978) em phasized th e  im p o rtan ce  of 
scavenging  v e r te b r a te s  i n  th e  r e g u la t io n  o f  c a r r io n  abundance.
S easonal v a r ia t io n s  in  c a r r io n  a rth ro p o d  co m p o sitio n  w ere a ls o  
e v id e n t. C arcasses  exam ined d u rin g  F ebruary , March, and e a r ly  A p ril 
w ere found to  su p p o rt no in v e r te b ra te  fauna. Low te m p e ra tu re s  
c h a r a c t e r i s t i c  o f th e se  m onths (M cG ill 1977) a re  u n s u ita b le  fo r  
a rth ro p o d  a c t i v i t y  (Johnson 1975). O c cas io n a lly , however, on warm er, 
sunny days a d u l t  C a ll ip h o ra  v ic in a  were observed upon s u n l i t  ro ck s  in  
a re a s  p ro te c te d  from  wind. In  the  absence o f a rth ro p o d s , c a rc a s s e s  
rem ained i n t a c t .  R epeated f re e z in g  and thaw ing, exposure to  w ind, and
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p r e c ip i t a t io n  e v e n tu a l ly  r e s u l te d  in  m um m ification . D erm estid  b e e t le s  
w ere th e  m ajor consum ers o f mummified rem ain s  d u rin g  subsequen t months.
From m id -A p ril u n t i l  Septem ber marked sea so n a l v a r ia t io n s  in  a d u l t  
and l a r v a l  f ly  p o p u la tio n s  w ere e v id e n t (F ig. 8). D uring A p ril and 
e a r ly  May C a llip h o ra  v lc in a  and Cvnomvopsis c ad a v e rin a  w ere th e  dom inant 
necrophagous sp e c ie s . Phorm ia re g in a  a ls o  o ccu rred  i n  sm a ll numbers.
In  May and e a r ly  June Phorm ia re g in a  was m ost abundant. D uring June and 
e a r ly  J u ly ,  bo th  Phorm ia re g in a  and L u c l l ia  i l l u s t r u s  sh a red  dom inance, 
w ith  L u c l l ia  i l l u s t r u s .  re a c h in g  peak abundance in  August and e a r ly  
Septem ber. Sarcophaga b u l l a t a  was p re se n t in  sm a ll numbers d u rin g  J u ly  
and August. S im ila r  p a t te r n s  o f  s e a s o n a l i ty  among c a r r io n  in h a b i t in g  
blow f l i e s  have been r e p o r te d  by F u l le r  (1934), Johnson (1975), and 
Payne (1965). H a ll (1948) co n s id e red  te m p e ra tu re  to  be m ost 
s ig n i f i c a n t ly  c o r r e la te d  w ith  tem p o ra l p a r t i t i o n in g  by blow f l i e s .
No d i s t i n c t  p a t te r n s  o f  s e a s o n a l i ty  were e v id e n t among p re d a to ry  o r 
n e c ro p h ilo u s  groups. Most o f th e se  sp e c ie s  o ccu rred  c o n s is te n t ly  from 
May to  Septem ber. These d a ta  a re  c o n s is te n t  w ith  th o se  re p o r te d  by 
Payne and C ro ss ley  (1966).
Among th e  m ajor s p e c ie s  o f  p re d a to ry  b e e t le s ,  how ever, d i s t i n c t  
s iz e  d i f f e r e n c e s  w ere noted  (Table V). Three s ig n i f i c a n t ly  d i f f e r e n t  
(ANOVA, PC.001), s p e c ie s  s p e c i f ic  s iz e  c la s s e s  o f s ta p h y l in id s  and two 
of h i s t e r i d s  ( t - t e s t ,  P<.001) w ere ev id e n t. Such d i f f e r e n c e s  among 
p red a to ry  g u ild  members su g g e s ts  p a r t i t io n in g  o f p rey  by s iz e  (P ric e  
1975).
G ull c a r r io n  com m unities lo c a te d  on m aritim e  is la n d s  a lo n g  th e  New 
England c o a s t d isp la y  p a t te r n s  o f community s t r u c tu r e ,  su c c e ss io n , and 































Fig. 8  SEASONAL VARIATION IN CARRION FLY (A D U LT) ABUNDANCE (G u lls)
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Table V. L engths (mm) o f m ajor s p e c ie s  o f  P red a to ry  b e e t le s  f re q u e n tin g  
g u l l  c a r r io n ^ ’2
£ . jnaxi l lp .aua 2 .  p&LLfcaa A* l a t a
S ta p h y lin id a e
x 19.90 12.60 7 .80
SE .23 -22 .25
2 .  f r a te r n u s  2 . a s s i f f l i l is
H is te r id a e
x 10.00 6 .00
SE .24 .24
1 ANOVA 4, 45; P<.001
2 Newman-Keuls t e s t  ( = .01)
48
o f t e r r e s t r i a l  h a b i t a t s  w orldw ide. S t r ik in g  s i m i l a r i t i e s  w ith  a r id  
re g io n s  o f  A u s t r a l ia  and so u th w e s te rn  U nited  S ta te s  a re  e v id e n t. Our 
d a ta  su p p o rt th e  p r e d i c t a b i l i t y  o f  th e  v e r te b r a te  d e c o m p o s itio n a l 
p ro ce ss .
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CHAPTER I I  
HARBOR SEALS ( Phoca v i t u l i n a )
INTRODUCTION
Harbor S e a ls  (Phoca v i t u l i n a l  a re  th e  m ost numerous m arine mammals 
in h a b i t in g  th e  c o a s ta l  w a te rs  o f New England. At l e a s t  6,000 
in d iv id u a ls  r e s id e  in  th e  G ulf o f  Maine (Katona e t  a l .  1977)* Sm all 
herds commonly assem ble  on n ea rsh o re  is la n d s  and le d g e s , and in  bays, 
h a rb o rs , and e s tu a r i e s .
From December 1979 u n t i l  O ctober 1980 an e p iz o o t ic  o f a cu te  v i r a l  
pneumonia sp read  th rough  th e  New England s e a l  p o p u la tio n  (G erac i e t  a l .  
1982). More than  400 h a rb o r s e a ls ,  m ost o f them l e s s  than  3 y e a rs  o ld , 
d ied  a long  th e  New England c o a s t d u rin g  t h i s  p e rio d . The m o rb id ity  and 
m o r ta l i ty  a s s o c ia te d  w ith  t h i s  e p iz o o tic  a re  a t t r i b u t e d  to  a  p re v io u s ly  
u n d esc rib ed  in f lu e n z a  v i ru s  and a mycoplasma. G erac i e t  a l .  (1982) 
e s tim a te d  th a t  th e  d is e a s e  took l e s s  th an  3 days to  develop  in  an 
in d iv id u a l ,  a f f e c t in g  m ales and fem a le s  e q u a lly , w ith  th e  m ost a c u te ly  
a f fe c te d  s e a ls  dying w i th in  hours.
The h igh  m o r ta l i ty  r a t e  a s s o c ia te d  w ith  t h i s  d is e a s e  r e s u l te d  in  an 
abundance o f s e a l  c a r r io n . The a v a i l a b i l i t y  o f  h a rb o r s e a l  c a rc a s s e s  on 
th e  I s l e s  o f S hoals, a group o f sm a ll i s la n d s  lo c a te d  10 km SE o f  
Portsm outh , NH (49°59'N, 70°37'W), en ab led  us to  in v e s t ig a te  a s p e c ts  o f  
th e  deco m p o sitio n  of th e se  an im als . S p e c i f ic a l ly ,  we s tu d ie d  th e  
assem blages o f in s e c ts  and o th e r  in v e r te b r a te s  in vo lved  in  th e  
r e d i s t r ib u t io n  o f s e a l  c a r r io n .
C arrio n  i s  a s ig n i f i c a n t  component o f b io lo g ic a l  com m unities 
p ro v id in g  food and s h e l t e r  f o r  numerous o rgan ism s (Johnson 1975). A 
knowledge o f th e  o rgan ism s and p ro c e sse s  in v o lv ed  in  th e  r e d i s t r ib u t i o n
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o f t h i s  re so u rc e  i s  im p o rta n t f o r  u n d e rs ta n d in g  th e  eco logy  o f  th e  
com m unities w ith in  w hich th e  c a r r io n  o ccu rs  (Odum 1971). C a rrio n  
ecology i s  a ls o  im p o rta n t to  m ed ic o -le g a l a u th o r i t i e s  as  a  to o l  u s e fu l  
in  d e te rm in in g  th e  tim e of d ea th  (N uorteva 1977).
This paper d e s c r ib e s  th e  m icrocom m unity s t r u c tu r e  and s u c c e ss io n  o f 
in v e r te b r a te s  in h a b i t in g  s e a l  c a rc a s s e s  lo c a te d  on is la n d s  in  th e  G ulf 
o f  Maine. Although s e v e ra l  a u th o rs  have exam ined c a r r io n  community 
ecology, in c lu d in g  I l l in g w o r th  (1926), F u l le r  (1934), Howden (1950), 
B ornem issza (1957)» Reed (1958), Denno and C othran  (1975), and 
McKinnerney (1978), no s tu d ie s  p u b lish ed  to  d a te  d e a l w ith  m arine mammal 
c a r r io n .
MATERIALS AND METHODS
We conducted f i e l d  work from  May u n t i l  O ctober 1980 on A ppledore, 
Duck, and Lunging I s la n d s ,  3 o f 9 sm a ll i s la n d s  co m p ris in g  th e  I s l e s  o f 
Shoals. The I s l e s  o f S hoals  i s  th e  s o le  a rc h ip e la g o  a long  an 80 km 
s t r e t c h  o f New England c o a s t l in e  betw een Cape Ann, M assach u se tts  and 
C asco Bay, M aine (4 9 ° 5 9 ’N, 7 0 ° 3 7 ’W). Of th e  9 i s l a n d s  (F ig .  1)
Appledore i s  th e  l a r g e s t  w ith  an approx im ate  land  a re a  o f 36.6 ha. 
Lunging and Duck I s la n d s  have approx im ate  lan d  a re a s  o f  2.5 and 3*2 ha., 
r e s p e c t iv e ly  (B orro r 1980). The i s la n d s  a re  c h a ra c te r iz e d  by rocky 
r id g e s  and v a l le y s ,  p e r ip h e ra l  c l i f f s ,  and cobble  beaches, r e s u l t in g  
from g l a c i a l  a c t i v i t y  d u rin g  the  W isconsin  g l a c i a l  advance. D e ta ile d  
d e s c r ip t io n s  o f  p h y s ic a l and b io lo g ic a l  c h a r a c t e r i s t i c s  o f  th e  
I s l e s  have been p u b lish ed  by B loom shield  (1975)* Boden (1977)* B orro r 
(1980), and K ingsbury (1976).
A colony o f ap p ro x im a te ly  120 h arb o r s e a ls  in h a b i t s  Duck I s la n d  
from Jan u ary  u n t i l  June each y ea r. Duck I s la n d  i s  co n s id e red  th e  
sou thernm ost pupping ground o f  t h i s  sp e c ie s . D uring w in te r  and sp r in g  
in d iv id u a ls  f re q u e n t th e  o th e r  i s la n d s  o f th e  S hoals a rc h ip e la g o .
We encoun tered  5 h a rb o r s e a l  c a rc a s s e s  d u rin g  May and June 1980 
w h ile  cen su sin g  S hoals s e a l  and s e a b ird  p o p u la tio n s . We s tu d ie d  a l l  
f iv e  c a rc a s se s  in  th e  lo c a t io n s  where found. Sam ples o f in v e r te b ra te s  
o c c u rrin g  on the  upper s u r fa c e ,  in s id e ,  and beneath  c a rc a s s e s  were tak en  
d a ily  fo r  the f i r s t  5 days and a t  3 day in t e r v a l s  t h e r e a f t e r .  We 
designed  sam pling  reg im es to  in su re  c o l le c t io n  o f o rgan ism s 
re p re s e n ta t iv e  o f a l l  s u c c e s s io n a l s ta g e s .
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R e p re se n ta tiv e  c o l le c t io n s  w ere made u s in g  s ta n d a rd  en to m o lo g ic a l 
equipm ent ( a s p i r a to r s ,  fo rc e p s , n e ts ,  e tc .) .  Only re fe re n c e  specim ens 
w ere removed to  m in im ize  c a r r io n  d is tu rb a n c e . We p re se rv ed  specim ens by 
s ta n d a rd  te c h n iq u e s  (P e te rso n  1966)^and re tu rn e d  them to  th e  la b o ra to ry  
f o r  i d e n t i f i c a t i o n .  Specim ens o f  l a r v a l  D ip te ra  w ere re a re d  to  a d u l t s  
on b ee f l i v e r .  Records o f  abundance, re g io n  o f c a rc a s s  c o lo n iz e d , and 
b e h a v io ra l o b s e rv a tio n s  w ere made f o r  each in v e r te b r a te  sp e c ie s  
enco u n tered  d u rin g  a sam pling  p e rio d . Photographs o f c a r r io n  appearance 
w ere a ls o  taken . S im ila r  te c h n iq u e s  o f  c a r r io n  sam pling  have been 
u t i l i z e d  by Johnson (1975), Payne (1965), McKinnerney (1978), and Reed 
(1958).
To a s s e s s  changes in  c a r r io n  m icrocom m unity s t r u c tu r e  and 
co m p lex ity , we c a lc u la te d  th e  Shannon-W eaver in d ex  o f g e n e ra l d iv e r s i t y  
(H1) and th e  in d ex  o f  Evenness (J) f o r  each su c c e ss io n a l s ta g e . 
S im i la r i ty  betw een s u c c e s s io n a l s ta g e s  was m easured by th e  B ra y -C u r tis  
index  o f s im i l a r i t y  (S jk ). These in d ic e s  a re  commonly accep ted  
e c o lo g ic a l  m easures (P ie lo u  1969, R ic k le fs  1973, Southwood 1978, and 
W ilson and B o sse rt  1971)* D e ta ile d  d e s c r ip t io n s  o f th e  s e a l  
d eco m p o sitio n a l p ro cess  and in v e r te b r a te  su c c e ss io n  were a ls o  s tu d ie d .
RESULTS AND DISCUSSION
C arrion . L o ca tio n  
The 5 s e a l  c a rc a s s e s  used in  th e  s tudy  were d isco v e red  on th e  
w e s te rn  sh o re s  o f th e  m ost w e s te r ly  i s la n d s ,  A ppledore, Duck, and 
Lunging (F ig . 1). A ll w ere s i tu a te d  i n  th e  rocky s u p r a t id a l  zone about 
a m eter (x = 1.2 m) above mean h ig h  w a te r. The w e s te r ly  s id e s  o f  th e  
i s la n d s  faced  advancing  ic e  d u rin g  th e  W isconsin  g l a c i a l  p e r io d  (F ow ler- 
B i l l in g s  1959), and th e  r e s u l t i n g  sm ooth, s lo p in g  topography  p ro v id e s  
th e  m ost s u i ta b le  h a u lo u ts  f o r  s e a ls .  W este rly  sh o re s  a ls o  o f f e r  p ro ­
t e c t io n  from  w in te r  and s p r in g  s to rm s  th a t  a re  u s u a lly  c h a ra c te r iz e d  by 
a n o r th e a s te r ly  flow  o f wind and s u r f  (M cG ill 1977). S e a ls  a re  known to  
seek  s u p r a t id a l  re fu g e  when s ic k  o r  d e b i l i t a t e d  (Beekman p e rs . comm.).
C arcasses  2, 3, and 4 w ere f r e s h  when found w ith  postm ortem  in t e r v a l  
e s tim a te d  a t  <24 hours. C arcass 1 was b lo a te d  when d isc o v e re d , d ea th  
o c c u rr in g  2-3 days p rev io u s  to  d isco v e ry . C arcass  5 was bad ly  decomposed 
w ith  on ly  b a re  bones and d o rs a l  in teg u m en t rem ain in g . Postm ortem  in t e r v a l  
fo r  t h i s  an im al i s  unknown. C a rcasses  1 th ro u g h  4 w ere d isco v e re d  
d u rin g  th e  l a s t  week o f  May and th e  f i r s t  week o f June. C arcass  5 was 
found d u rin g  th e  l a s t  week in  June. The o ccu rren ce  o f S hoals  s e a l  
m o r ta l i ty  i s  c o n s is te n t  w ith  th e  tem p o ra l p a t t e r n  observed  by G erac i e t  
a l .  (1982) e lse w h ere  a lo n g  th e  New England c o a s t d u rin g  th e  e p iz o o tic .
D ecom positional S tag es  
Although d eco m p o sitio n  i s  a co n tin u o u s p ro cess , in v e s t ig a to r s  have 
d iv id ed  i t  in to  v a r io u s  s ta g e s  based upon p h y s ic a l appearance and
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Map o f  th e  i s la n d s  o f th e  I s l e s  o f S hoals and lo c a t io n  o f 
s e a l  c a r c a s s e s ,  June 1980
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c h a r a c t e r i s t i c  fa u n a l a s s o c ia te s .  Reed (1958) and Johnson (1975) 
d e sc rib e d  fo u r  d e c o m p o s itio n a l s ta g e s . Payne (1965) and McKinnerney 
(1978) reco g n ized  f iv e ,  w h ile  Howden (1950) d e f in e d  on ly  two based on 
d ip te ra n  l i f e  c y c le s .
F ive  d e c o m p o s itio n a l s ta g e s  o ccu rred  in  s e a l  c a r r io n :  f r e s h ,  b lo a t ,
a c t iv e  decay, advanced decay, and dry. Our c l a s s i f i c a t i o n  was based 
upon c a r r io n  appearance , fa u n a l a s s o c ia te s ,  and p a t te r n s  o f d iv e r s i ty .
A d e s c r ip t io n  o f th e  c h a r a c t e r i s t i c s  o f each s ta g e  i s  g iv en  below.
F resh  Stage, (app rox ,—d u ra tio n .;. 1 davJ
The f r e s h  s ta g e  was i n i t i a t e d  w ith  d ea th  and co n tin u ed  u n t i l  
b lo a tin g . D uring t h i s  p e rio d  b a c te r ia  from th e  i n t e s t i n e s  and lu n g s  
m ig ra ted  in to  lo c a l  t i s s u e s ,  c a p i l l a r i e s ,  v e in s , and ly m p h a tic  v e s s e ls  
and th en  in to  th e  body t i s s u e s  g e n e ra lly  (Evans 1963). A erobic 
o rgan ism s r a p id ly  d e p le te d  t i s s u e  oxygen enhancing  th e  grow th  o f 
anaerobes. B a c te r ia l  f l o r a  changed from  a e ro b ic  groups to  an ae ro b ic  
v a r i e t i e s  in  w hich th e  C lo s t r id ia  p redom inated . E x te rn a l ly  no s ig n s  o f  
decay w ere e v id e n t, and odors o f p u t r i f a c t i o n  w ere ab sen t.
A dult blow f l i e s  w ere th e  dom inant in v e r te b r a te s ,  o v ip o s i t in g  on 
m o is t o c u la r ,  o r a l - n a s a l ,  and r e c t a l  t i s s u e s  and fe e d in g  upon f lu i d s  in  
th e se  re g io n s . The b la ck  blow f ly ,  Phorm ia r e g in a . and th e  g reen  blow 
f ly ,  LUfiAAAa U3.Hfltr.ua, predom inated . Wolf s p id e r s ,  .ParflQSa l a p id ic in a .  
and jum ping s p id e r s ,  S a t ic u s  s c e n ic u s . o ccu rred  r a r e ly .  Sm all g reen  
c rab s , C a rc icu s  maenas. and am phipods, O ch es tia  p la t e n s i s .  were p re se n t 
on c a rc a s s e s  dampened by sea  sp ray . Com m unities r e f l e c te d  low d iv e r s i ty ,  
low evenness, and h igh  s im i l a r i t y .
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B lo a t S tage ( approx . duratiflm _4_.day.sJ
B lo a tin g  r e s u l t s  from  gaseous p ro d u c tio n  by an a e ro b ic  b a c te r ia  and 
t i s s u e  d eco m p o sitio n  (Evans 1963). The g ases  produced in c lu d e  carbon 
d io x id e , hydrogen s u l f id e ,  ammonia, and m ethane. D uring t h i s  s ta g e  th e  
c a rc a s s  sw e lle d , eyes bulged , tongue and rectum  p ro tru d e d , and f ro th y  
f lu id s  exuded from  th e  n a tu r a l  o r i f i c e s .  A s tro n g  odor was p re se n t.
A dult blow f l i e s  rem ained  th e  dom inant in v e r te b r a te s .  Blow f ly  egg 
m asses and f i r s t  and second i n s t a r  la rv a e  w ere p re v a le n t e x te r n a l ly  
around body o r i f i c e s .  O ther a d u l t  D ip te ra , in c lu d in g  th e  f le s h  f ly ,  
Sarcophaga b u l l a t a . and th e  seaweed f ly ,  Coelopa f r i g i d a . w ere p re se n t 
in  sm a ll numbers (1-5 p e r c a rc a s s ) . Sap b e e t le s ,  S te l id o ta  g em inata . 
rove b e e t le s ,  P h ilo n th u s  p o l i tu s ,  v e lv e t  m ite s , Trombidium s p . .  l i t t l e  
b lack  a n ts ,  Monomorium minimum, and th e  i n t e r t i d a l  ea rw ig , A n iso la b is  
m a r itim a , o c cu rred  in  s im i la r  numbers (1-5 p er c a rc a s s ) .  Community 
d iv e r s i ty  and evenness w ere g r e a te r  than  d u rin g  th e  f r e s h  s ta g e , 
s im i l a r i t y  low er.
The end o f th e  b lo a t  s ta g e  was in d ic a te d  by c a rc a s s  d e f la t io n .  
D e f la tio n  r e s u l te d  from  r e le a s e  o f  gases  th rough  in teg u m en ta ry  
p e r fo ra t io n s  c re a te d  by bu rrow ing  blow f ly  la rv a e .
Active. Decay (ap p ro x . d u r a t i o n  _10davsl
A ctive decay commenced w ith  the  re su m p tio n  o f  a e ro b ic  decom position . 
During t h i s  s ta g e  second and th i r d  i n s t a r  blow f ly  la rv a e  burrow ed 
th roughou t c a r r io n  th o ra c ic  and abdom inal re g io n s , s e c r e t in g  enzymes, 
d is s e m in a tin g  b a c te r ia  and fu n g i, and a e r a t in g  t i s s u e s .  A erobic decay 
i s  dependent upon in s e c t  a c t i v i t y  (Johnson 1975, Payne 1965). Maggots 
e v e n tu a lly  d es tro y ed  v is c e ra  and v e n tr a l  in tegum en t co m p le te ly , le a v in g  
only a d o rsa l in teg u m en ta ry  s h e l l  and s k e le to n  w ith  a s s o c ia te d
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m u scu la tu re . The q u a n t i ty  o f  f l y  la rv a e  p re se n t (8 ,000-10,000 p er 
c a rc a ss )  caused th e  rem ain s  and s u b s t r a te  to  v ib r a te  w ith  a c t i v i t y .  
L iq u e fied  p ro d u c ts  o f decay s a tu r a te d  th e  ground and a s tro n g  odor o f  
p u t r i f a c t i o n  p e r s is te d .
O ther f l i e s ,  in c lu d in g  a cheese sk ip p e r  P lo p h ila  l a t i p e s . b r in e  
f ly  Ephvdra r i o a r i a .  a b la ck  scavenger f l y  S ep s is  punctum . and th e  
muscid f ly  F ann ia  c a n n ic u la r i s . w ere a t t r a c t e d  to  p ro te in e o u s  l iq u id s  
d u rin g  t h i s  p e rio d . A nother m uscid, Qphyra leu co sto m a. whose la rv a e  a re  
p re d a to rs  on l a r v a l  blow f l i e s ,  a ls o  a r r iv e d .
A v a r ie ty  o f necrophagous and p re d a to ry  b e e t le s  a ls o  co lo n ized  
c a r r io n  d u rin g  a c t iv e  decay. These in c lu d ed  th e  rove b e e t le s  C reo p h ilu s  
m a x illo su s . A leochara l a t a , and P h ilo n th u a  p o l i tu s .  h i s t e r  b e e t le s  
Pachylopus f r a te r n u s .  S ap rln u s  a s s i m i l i s . and S ap rin u s  c o n fo rm is . a n t­
l ik e  b e e t le s  A nthicu3 _cinc-t_us and A nthicus c e rv in u s . and d e rm e s tid  
b e e t le s  D erm estes o an inus and D erm estes v u lp in u s . Y e llo w jack e t wasps 
V espula m a c u lifro n s . th e  p a r a s i t i c  m ite  P o e c ilo c h iru s  sp ., th e  
ph alan g id  Leiobunum p o litu m . and Monomorium minimum and A n iso la b ls  
m aritim a  a ls o  w ere p re se n t.
C arcasses  su p p o rted  th e  g r e a te s t  numbers o f  in v e r te b r a te s  d u rin g  th e  
a c t iv e  s ta g e . D iv e r s i ty  in c re a se d  sh a rp ly . Evenness, however, rem ained  
low due to  th e  numbers o f blow f ly  la rv a e  c h a r a c t e r i s t i c  o f  t h i s  s ta g e . 
S im ila r i ty  a ls o  was low.
T erm in a tio n  of a c t iv e  decay o ccu rred  when f ly  la rv a e  abandoned 
c a r r io n  and m ig ra ted  in to  th e  s u b s t r a te  subsequen t to  p u p a r ia t io n . 
A pproxim ately 90% o f s e a l  c a r r io n  w eig h t was l o s t  d u rin g  t h i s  a c t iv e  
decay.
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Advanced Decay (ap p ro x . d u ra t io n ; .  15 days)
D uring t h i s  s ta g e  s e a l  c a rc a s s e s  w ere hollow  s h e l l s  o f  d o rs a l  
in tegum en t. Only m u scu la tu re  and co n n ec tiv e  t i s s u e s  rem ained  in t e r n a l ly ,  
p a r t i c u la r ly  in  a s s o c ia t io n  w ith  p e lv is  and appendages. The s k e le to n  
was la r g e ly  i n t a c t  and th e  s u b s t r a te  w et w ith  f lu id s  o f  p u t r i f a c t io n .  
E x te rn a lly  th e  in teg u m en t had a hard , l e a th e r y  te x tu re ,  was devoid of 
h a i r ,  and r id d le d  w ith  h o le s  (5-10 mm) c re a te d  p re v io u s ly  by bu rrow ing  
maggots. F lu id  d ra in a g e  had ceased  and c a r r io n  odor g ra d u a lly  
d isa p p e a red .
Necrophagous and p re d a to ry  b e e t le s  w ere th e  c h a r a c t e r i s t i c  fauna. 
Rove, h i s t e r ,  and sap b e e t le s  p e r s i s te d ,  b u t g ra d u a lly  d ep a rte d  as c a r r io n  
d e s ic c a t io n  p ro g ressed . A dult and l a r v a l  d e rm e s tid  b e e t le s ,  D erm estes 
can inus and D erm estes v u ln in u s . w ere th e  dom inant s p e c ie s ,  s p e c ia l iz in g  
upon th e  k e r a t in iz e d  rem ain s. A dult and im m ature ea rw ig s , th e  c e n tip e d e  
A renophilus s p . t t e r r e s t r i a l  iso p o d s  P h i lo s c ia  v i t t a t a  and P o r c e l l io  
s c a b e r . and an u n id e n t i f ie d  nem atode a ls o  o ccu rred  d u rin g  advanced decay.
Large numbers o f  blow f ly  pupae w ere p re se n t in  th e  su rro u n d in g  
s u b s t r a te  up to  4 m e te rs  from c a r r io n . Em erging a d u l t s  and pupal 
p a r a s i t e s  (Ichneum onidae and P te ro m a lid ae ) p e r io d ic a l ly  ag g reg a ted  
beneath  c a r r io n  and in  th e  im m ediate  a re a . Wolf and jum ping s p id e r s  
preyed upon newly emerged blow f l i e s ,  as  d id  th e  fu n n e l-w eb  w eaver 
A eelenopsis  p o t t e r i  which c o n s tru c te d  fu n n e l n e s ts  beneath  c a rc a s s e s .
D uring advanced decay c a r r io n  com m unities r e f l e c te d  g ra d u a lly  
d e c rea s in g  d iv e r s i ty  and evenness; s i m i l a r i t y  was high. T e rm in a tio n  o f 
advanced and i n i t i a t i o n  o f th e  dry  s ta g e  was no t as c l e a r ly  d e l in e a te d  
as o th e rs . Com plete c a r r io n  d e s ic c a t io n , s k e le ta l  d i s a r t i c u l a t i o n ,  
appearance o f b are  bones, and abandonment by a l l  bu t d r ie d  t i s s u e
64
s p e c i a l i s t s  w ere th e  d ia g n o s t ic  c r i t e r i a .  S im ila r  c r i t e r i a  a re  used by 
Reed (1958), Payne (1 9 6 5 ), Johnson (1975), and McKinnerney (1978).
Drv S tage (ap p ro x . d u ra tio n :.  70 days)
Throughout th e  d ry  s ta g e  c a rc a s s e s  ap p eared  a s  frag m en ts  o f d r ie d  
d o rs a l  in teg u m en t and d i s a r t i c u l a t e d  bones. A ll d i s t i n c t i v e  odors w ere 
a b sen t and th e  s u b s t r a te  was marked on ly  by d r ie d  f l u i d  s ta in s .  
D erm estid  b e e t le s ,  p a r t i c u l a r l y  D erm estes c a n in u s . p redom inated  
i n i t i a l l y .  T e r r e s t r i a l  iso p o d s  e v e n tu a l ly  o cc u rred  i n  th e  g r e a te s t  
number. O c c as io n a lly  in d iv id u a ls  o f  s p e c ie s  in h a b i t in g  e a r l i e r  
d eco m p o sitio n a l s ta g e s  w ere c o l le c te d ,  b u t only  in f r e q u e n t ly .
F ie ld  s tu d y  was te rm in a te d  in  m id-O ctober 1980 when an e a r ly  
w in te r  s to rm  washed away a l l  c a r r io n  rem ain s. I t  i s  no t known how long  
harbo r s e a l  bones r e q u i r e  to  co m p le te ly  decompose.
The p ro ce ss  o f  s e a l  d eco m p o sitio n  and fa u n a l su c c e ss io n  d e sc rib e d  
above i s  s im i la r  to  th o se  re p o r te d  by F u l l e r  (1934) f o r  sheep c a rc a s s e s  
in  A u s tr a l ia ,  Reed (1958) f o r  dogs in  T ennessee, Payne (1965) fo r  p ig s  
in  South C a ro lin a , Johnson  (1975) fo r  sm a ll mammals i n  I l l i n o i s ,  
McKinnerney (1978) f o r  r a b b i t s  in  New M exico, and Coe (1978) f o r  
e le p h a n ts  i n  Kenya. I n s e c t  f a m i l i e s  and o f te n  g en era  do m in a tin g  each 
p a r t i c u la r  decay s ta g e  w ere e s s e n t i a l l y  th e  same. D ecom positional r a t e s  
v a r ie d , however, w ith  l a t i t u d e  and c a rc a s s  s iz e .  N uorteva (1977) found 
d i s t i n c t  s i m i l a r i t i e s  betw een s u c c e s s io n a l p a t te r n s  o f  mammal c a rc a s s e s  
lo c a te d  in  in la n d  re g io n s  o f  A u s tr a l ia ,  Europe, Japan , and U nited  
S ta te s . The p h y s ic a l c h a r a c t e r i s t i c s  and fa u n a l a s s o c ia te s  o f h arbo r 
s e a l  c a rc a s s e s  lo c a te d  in  c o a s ta l  New England len d  f u r th e r  su p p o rt f o r  
th e  p r e d i c t a b i l i t y  o f c a r r io n  community su c c e ss io n .
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The abundance o f th e  m ajo r in v e r te b r a te s  f re q u e n tin g  s e a l  c a r r io n  
i s  g iv en  f o r  each d ec o m p o s itio n a l s ta g e  in  F ig u re  2. In s e c ts  
s p e c ia l iz in g  on c a r r io n  w ere th e  c h ie f  com ponents o f th e  s e a l  
m icrocom m unity. I n v e r te b r a te s  ty p ic a l  o f  m arine i n t e r t i d a l  and w rack 
h a b i ta t s  p layed  only  a m inor r o le  in  th e  decay p ro c e ss . Payne (1965) 
and Putnam (1978) s t r e s s  th e  im p o rtan ce  o f a few s p e c ia l iz e d  in s e c t  
g roups, p a r t i c u la r l y  blow f l i e s  and necrophagous b e e t le s ,  in  v e r te b r a te  
decom position . The im p o rtan ce  o f th e se  in s e c ts  in  h a b i t a t s  w ith  s tro n g  
m aritim e in f lu e n c e s  i s  e v id e n t .
G eneral d iv e r s i t y  (Hf) and evenness (J) v a lu e s  fo r  each s ta g e  of 
decay a re  g iv en  in  F ig u re  3. I n i t i a l l y  d iv e r s i t y  and evenness w ere 
low , r e f l e c t i n g  th e  p resen ce  o f  on ly  a few e a r ly  c o lo n iz e rs . D iv e r s i ty  
in c re a se d  r a p id ly  d u rin g  b lo a t in g  and a c t iv e  decay, as numerous 
necrophages, p re d a to rs ,  and n e c ro p h ile s  w ere a t t r a c te d .  Evenness 
rem ained  low due to  la r g e  numbers o f  blow f ly  la rv a e . D uring advanced 
and dry  s ta g e s ,  d iv e r s i t y  and evenness g ra d u a lly  d ec rease d  as rem ain in g  
t i s s u e s  w ere d e p le te d . When a d ju s tm e n ts  f o r  re so u rc e  d e p le t io n  a re  
made, th e  p a t te r n  o f community developm ent e v id e n t c lo s e ly  re sem b les  
th a t  d e sc rib e d  by W ilson and S im b e rlo ff  (1969) f o r  mangrove is la n d s  in  
so u th e rn  F lo r id a .  Odum (1971) su g g e s ts  t h a t  i s o la te d  b io lo g ic a l  
re so u rc e s  (dung, c a r r io n ,  e tc .)  may r e f l e c t  c o lo n iz a t io n  p a t te r n s  
observed  on g e o g rap h ica l is la n d s .  F u r th e r  s tu d y  i s  needed to  
s u b s ta n t ia te  t h i s  h y p o th e s is  f o r  s e a l  c a r r io n .
C a rrio n  G uilds
A g u ild  i s  d e fin ed  as a group o f s p e c ie s  e x p lo i t in g  th e  same 
en v iro n m en ta l re so u rc e  in  a s im i la r  manner (P r ic e  1975). G u ild s  a re  
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h e rb iv o re s  (Root 1973), saw f l y  p a r a s i to id s  (P r ic e  1971), and c a r r io n  
f l i e s  (Denno and C othran  1975). We grouped s e a l  c a r r io n  in h a b i ta n ts  
in to  5 e c o lo g ic a l  g u i ld s  based on g e n e ra l t ro p h ic  h a b i t s :  ( i)
N ecrophages -  s p e c ie s  fe e d in g  on c a r r io n  on decay p ro d u c ts , ( i i )  
N ecro p h iles  -  s p e c ie s  u s in g  c a r r io n  f o r  s h e l t e r  o r  o c c u rr in g  a c c id e n ta l ly ,  
( i i i )  P re d a to rs  -  s p e c ie s  p rey in g  on c a r r io n  community members, ( iv )  
N ecrophages/P redator-s -  s p e c ie s  p rey in g  on in v e r te b r a te s  and fe e d in g  on 
c a r r io n  as w e l l ,  (v) P a r a s i te s  -  p a r a s i t e s  o f c a r r io n  in h a b i ta n ts .  The 
in v e r te b r a te s  co m p ris in g  each g u ild  and th e  t ro p h ic  r e l a t io n s h ip s  
betw een g u ild s  a re  g iv en  in  F ig u re  4.
Necrophages
Necrophagous g u ild  members fed  d i r e c t ly  on th e  p ro d u c ts  o f 
p u t r i f a c t io n  in  s e a l  t i s s u e s .  F ive s p e c ie s  o f  i n s e c t s ,  2 blow f l i e s ,  
and 3 b e e t le s  w ere th e  im p o rta n t necrophagous sp e c ie s . O th ers  o ccu rred  
in  sm a ll numbers and c o n tr ib u te d  l i t t l e  to  th e  decay p ro c e ss . Blow 
f l i e s  s e g re g a ted  from  b e e t le s  by o c c u rr in g  only  d u r in g  f r e s h ,  b lo a t ,  and 
a c t iv e  decay s ta g e s  (F ig . 5). Necrophagous b e e t le s  w ere p re se n t 
p r im a r i ly  d u rin g  advanced and dry s ta g e s . Blow f l i e s  p a r t i t io n e d  c a r r io n  
by d i f f e r e n c e s  in  d u ra t io n  o f  l a r v a l  l i f e s t a g e .  Phorm ia re g in a . th e  
b lack  blow f ly ,  had a s h o r t  l a r v a l  p e r io d  (x = 7.5 days). L u c i l ia  
i l l u s t r u s .  th e  g reen  blow f ly ,  had a lo n g e r  i n t e r v a l  (x = 12 days).
W hile la r g e r ,  a c t iv e ly  burrow ing  £, r e g in a  la rv a e  fed  i n t e r n a l l y ,  
s m a lle r  L, i l l u s t r u s  la rv a e  rem ained e x te r n a l ly .  Of th e  3 s p e c ie s  o f 
necrophagous b e e t le s  found, only  D erm estes can in u s  s p e c ia l iz e d  on dry 
c a r r io n  (D illo n  and D illo n  1972). D erm estes v u lp in u s  and S te l id o ta  
gem lnata  fed  upon m o is t t i s s u e s .  .S. aem in a ta  (x = 3.50 mm) was 
s t a t i s t i c a l l y  s m a lle r  ( T - te s t ,  P<.001) th an  £ , v u lp in u s  (x = 9*50 mm),
Ichneum onidae  ( I )  
P t e r o m a l i d a e  ( I )  
A ca r in a  ( I)
PARASITES
V esp idae  ( I )  
Formic idae  ( I )  





Calliphoridae (2)  
Sarcophag idae  (I) 
Muscidae ( I )  
C oe lop idae  ( I ) 
Ephydr idae  ( I )  
P iophi l idae  ( I )  
S e p s i d a e  ( I )  
Dermest idae  (2)  
N i t i d u l i d a e  ( I )  
Amphipoda ( I ) 
Decapoda ( I ) 
Nematoda ( I )
NECROPHAGES
S tap h y l in id ae  ( 4 )  
H is te r id ae  (3 )  
Anthicidae (2 )  
D e r m a p t e r a  ( I )  
C h i lopoda  ( I )  
A r a n e a  ( 3 )  
A ca r in a  ( I )
PREDATORS
Isopoda ( 2 )  
Diplopoda ( I )  
Annelida ( I )
NECROPHILES
SEAL CARRION
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r e f l e c t i n g  d i f f e r e n c e s  in  food s i t e s  u t i l i z e d .  N ecrophages th u s  
p a r t i t io n e d  s e a l  c a r r io n  s p a c ia l ly ,  te m p o ra lly , and by s t a t e  o f 
d e s ic c a t io n .
N ecro p h ile s
Two s p e c ie s  o f t e r r e s t r i a l  iso p o d s, P h i lo s c ia  v i t t a t a  and P o r c e l l io  
sc a b e r. w ere th e  on ly  in v e r te b r a te s  o f  consequence u s in g  s e a l  c a r r io n  
fo r  s h e l t e r .  Both s p e c ie s  w ere m ost abundant d u rin g  l a t e r  decay s ta g e s . 
Mixed a g g re g a tio n s  w ere commonly en coun tered . No d i f f e r e n c e s  in  s iz e  o r 
d i s t r i b u t i o n  w ere e v id e n t.
P re d a to rs
Three sp e c ie s  o f  s p id e r s  and 5 o f  b e e t le s  (H is te r id a e  and 
S ta p h y lin id a e )  w ere th e  c h ie f  p re d a to rs  (F ig . 6). O thers (A n th ic id ae , 
D erm aptera, and C hilopoda) o ccu rred  r a r e ly  and w ere never observed  w ith  
prey. S p id e rs  fe d  p r im a r i ly  on a d u l t  f l i e s  and hunted on th e  d o rs a l  
s u rfa c e  and abou t th e  p e r ip h e ry  o f c a rc a s s e s . P re d a to ry  b e e t le s  fed  
upon f ly  la rv a e  and w ere lo c a te d  b eneath  o r w ith in  s e a l  rem ain s. Among 
th e  s p id e r s ,  A ce len o p sis  p o t t e r i  was th e  so le  web b u ild e r .  Pardosa 
la o id ic in a  and S a l t i c u s  s c e n ic u s  w ere m o tile  h u n te rs , th e  fo rm er 
s t a t i s t i c a l l y  l a r g e r  ( t - t e s t ,  P<.001). Of th e  2 f a m i l ie s  o f b e e t le s ,  
th e  S ta p h y lin id a e  w ere e lo n g a te  and r a p id  moving, th e  H is te r id a e  ov a l 
and s lu g g ish . A ll 5 s p e c ie s  w ere in  d i s t i n c t  s iz e  c la s s e s  (ANOVA, 
P<.001). G uild  members appear to  p a r t i t i o n  prey  by lo c a t io n  on c a r r io n ,  
l i f e  s ta g e , and s iz e .
N ecrophagesZ P redators
A wasp, V espula m a c u lif ro n s : an a n t, Monomorium minimum; and a 
n o c tu rn a l p h a lan g id , Leiobunum p o litu m . fed  on b o th  f ly  la rv a e  and
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c a r r io n . A ll th re e  o ccu rred  in  sm a ll numbers (1-5 per c a rc a s s )  and 
had l i t t l e  im p act on decom position .
Parasi-tes
Two p a r a s i t i c  w asps, Ichneum onidae and P te ro m a lid a e , w ere re a re d  
from f l y  pupae. The in c id e n c e  o f pupal p a r a s i t i s m  was low 3—5%). A 
s in g le  sp e c ie s  o f  p a r a s i t i c  m ite , P o e c ilo c h iru s  s p .f was c o l le c te d  from 
p re d a to ry  b e e t le s ,  p r im a r i ly  S ta p h y lin id a e .
GENERAL CONCLUSIONS
Harbor s e a ls  pass th rough  a s e r i e s  o f p r e d ic ta b le  d eco m p o s itio n a l 
s ta g e s  d e fin e d  by c h a r a c t e r i s t i c s  o f c a r r io n  appearance and fa u n a l 
a s s o c ia te s .  S i m i l a r i t i e s  betw een th e se  s ta g e s  and th o se  d e sc rib e d  by 
o th e r  a u th o rs  f o r  a v a r ie ty  o f  mammals lo c a te d  w orldw ide a re  e v id en t.
Of th e  numerous s p e c ie s  o f  in v e r te b r a te s  c o l le c te d  from  s e a l  
c a r r io n  few p layed  a m ajor r o le  in  decom position . Blow f ly  la rv a e  and 
d e rm estid  b e e t le s  were th e  p rim ary  c a r r io n  consum ers. S p id e rs  and 
s ta p h y l in id  and h i s t e r i d  b e e t le s  were th e  m ajor p re d a to rs . The 
im portance  o f  c a r r io n  f re q u e n tin g  in s e c ts  in  th e  d eco m p o sitio n  o f 
v e r te b ra te s  lo c a te d  in  h a b i t a t s  w ith  s tro n g  m a ritim e  in f lu e n c e s  i s  
e v id e n t.
C a rrio n  community members can be d iv id e d  in to  5 t ro p h ic  g u ild s . 
Necrophages g u ild  members p a r t i t i o n  c a r r io n  s p a t i a l l y ,  te m p o ra lly , and 
by e x te n t o f d e s ic c a t io n . P re d a to rs  s e le c t  prey by lo c a t io n ,  s iz e ,  and 
l i f e  s ta g e .
The p a t te r n s  o f c o lo n iz a t io n  and community developm ent observed  in  
s e a l  c a r r io n  su g g est th o se  d e sc rib e d  by W ilson and S im b e rlo ff  (1969) 
fo r  g e o g ra p h ic a l i s la n d s .  F u r th e r  re s e a rc h  i s  needed, how ever, to  
s u b s ta n t ia te  t h i s  h y p o th e s is .
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CHAPTER I I I  
CARCASSES AS ECOLOGICAL ISLANDS
INTRODUCTION
I s la n d s  a re  e c o lo g ic a l ly  im p o rta n t e n t i t i e s .  T h e ir i s o la t e d  n a tu re  
and r e l a t i v e l y  s im p l i s t i c  b io ta  enhance in v e s t ig a t io n s  o f e c o lo g ic a l  
and e v o lu tio n a ry  co n cep ts  obscured  in  l e s s  d i s t i n c t ,  more complex 
s e t t i n g s  (S im b e r lo ff  1974). C la s s ic a l ly ,  o cean ic  i s la n d s  have serv ed  as  
te m p la te s  f o r  such re s e a rc h . D arw in 's (1859) o b s e rv a tio n s  in  th e  
G alapagos I s la n d s  and W a llac e 's  (1869) in  th e  Malay A rch ipe lago  f o r  
exam ple r e s u l te d  in  th e  th e o ry  o f  e v o lu tio n  by n a tu r a l  s e le c t io n .  
Problem s i n  community s t r u c tu r e  and fu n c t io n  (May 1973)> s p e c ia t io n  
(Levins and Heatw ole 1973)» b io lo g ic a l  c o n tro l  (Baumhover 1955) and 
b iogeography (S im b e r lo ff  and W ilson 1969» 1970) have a ls o  been 
e lu c id a te d  on o cean ic  i s la n d s .
M acArthur and W ilson  (1963, 1967) r e v o lu tio n iz e d  b iogeography by 
su g g e s tin g  th a t  in s u la r  b io ta  r e p re s e n t  a dynamic e q u il ib r iu m  betw een 
im m ig ra tio n  o f new s p e c ie s  and e x t in c t io n  o f o ld . They proposed th a t :  
( i)  i s la n d  s iz e  and d is ta n c e  from  source  o f c o lo n is t s  d e te rm in e s  sp e c ie s  
number, ( i i )  sp e c ie s  number rem ains c o n s ta n t over tim e , and ( i i i )  
e v o lu tio n  g ra d u a lly  in c r e a s e s  th e  s p e c ie s  e q u ilib r iu m . S im b e rlo ff  and 
W ilson (1969» 1970) t e s t e d  and confirm ed  th e  e q u ilib r iu m  model by 
in v e s t ig a t in g  a rth ro p o d  c o lo n iz a t io n  o f d e fau n a ted  mangrove i s la n d s  in  
F lo r id a  Bay. S ince th en  the  e q u ilib r iu m  th eo ry  o f  i s la n d  biogeography 
has enjoyed wide accep tan ce .
Any p a tch  o f h a b i ta t  may be co n s id e red  an is la n d  i f  i t  i s  se p a ra te d  
from s im i la r  p a tch es  by re g io n s  o f t e r r a i n  d i f f i c u l t  f o r  h a b i ta t  pa tch  
organ ism s to  t r a v e r s e  (S im b e rlo ff  1974). Tree tru n k s  (Graham 1925),
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cow p a ts  (Mohr 1943), b ro m e liad  c o n ta in e r s  (L a e ss le  1961), caves o f  
a q u a tic  (C ulver 1970) and t e r r e s t r i a l  a n im a ls  (V u ille u m ie r  1973, C row ell 
1973), and f re s h w a te r  (Henebry and C a irn s  (1980) and m arine  fo u lin g  
com m unities (Schoener 1974) have a l l  been view ed as e c o lo g ic a l  i s la n d s .  
S im b e rlo ff  (1974) su g g e s ts  much o f th e  w orld  to  be in s u la r ,  w ith  b i o t i c  
h a b i ta t s  a rran g ed  in  a q u i l t  o f p a tch es . Any th e o ry  o f i s la n d  b io lo g y  
should  be v a l id  f o r  s m a ll ,  b io lo g ic a l  i s la n d s  a s  w e ll  as f o r  l a r g e r  
g e o g ra p h ic  ones.
The fo llo w in g  paper p re s e n ts  th e  r e s u l t s  o f  a  s tudy  I  conducted  
d u rin g  1980-81 in v e s t ig a t in g  th e  in s u la r  n a tu re  o f ro d en t c a r r io n . 
S p e c i f ic a l ly ,  I  t e s t e d  th e  e f f e c t s  o f  c a rc a s s  s iz e  and d is ta n c e  from 
sou rce  o f  c o lo n is t s  on com m unities o f  a r th ro p o d s  f re q u e n tin g  ro d e n t 
c a r r io n  lo c a te d  on sm a ll i s la n d s  in  th e  G u lf o f  Maine. I  conducted  t h i s  
s tu d y  as p a r t  o f  a l a r g e r  re s e a rc h  program  in v e s t ig a t in g  th e  eco logy  o f  
c a r r io n  com m unities lo c a te d  in  c o a s ta l  h a b i t a t s  o f  n o r th e rn  New England. 
A d e ta i l e d  d e s c r ip t io n  o f  ro d e n t d eco m p o sitio n  and com parison  o f 
observed c o lo n iz a t io n  p a t te r n s  w ith  th e  M acA rthur-W ilson H y po thesis  a re  
in c lu d ed .
MATERIALS AND METHODS
I  conducted  th e  s tu d y  on A ppledore I s la n d , th e  l a r g e s t  o f  9 sm a ll 
i s la n d s  ( I s l e s  o f  S h o a ls) lo c a te d  10 km SE o f P ortsm outh , New Ham pshire 
(49°59«N, 70°37'W). The I s l e s  o f  S hoals i s  th e  s o le  a rc h ip e la g o  a long  
an 80 km s t r e t c h  o f New England c o a s t betw een Cape Ann, M assach u se tts  
and Casco Bay, Maine. A ppledore has an ap p ro x im ate  lan d  a re a  o f  36.6 
ha. (B o rro r 1980) and i s  c h a ra c te r iz e d  by rocky r id g e s  and v a l le y s ,  
p e r ip h e ra l  c l i f f s ,  and cobble beaches o r ig in a t in g  from  g l a c i a l  a c t i v i t y  
d u rin g  th e  W isconsin  g l a c i a l  advance (F o w le r-B ill in g s  1959). D e ta ile d  
d e s c r ip t io n s  o f b io lo g ic a l  and p h y s ic a l  c h a r a c t e r i s t i c s  o f  th e  i s la n d  
a re  g iv en  in  B loom sh ie ld  (1975), Boden (1977)» M cG ill (1977)» and B o rro r 
(1980). A ppledore houses th e  C o rn e ll U n iv e r s i ty /U n iv e r s i ty  o f  New 
Hampshire sponsored  S h o a ls  M arine L ab o ra to ry , w here r e s e a rc h  f a c i l i t i e s  
w ere lo c a te d .
I  t e s t e d  th e  i s l a n d  s iz e  -  s p e c ie s  r ic h n e s s  r e l a t io n s h ip  fo r  
c a r r io n  by exam ining  a r th ro p o d  c o lo n iz a t io n  on 3 s iz e  c la s s e s  o f ro d e n ts  
p laced  in  th e  same ( th ic k e t)  h a b i t a t  on A ppledore I s la n d . Rodent 
sp e c ie s  used (Table I )  d i f f e r e d  s ig n i f i c a n t l y  in  s iz e  (ANOVA, P<.001). 
Norway r a t s  w ere s t a t i s t i c a l l y  l a r g e r  th an  go lden  h a m ste rs , w hich w ere 
s ig n i f i c a n t ly  l a r g e r  th an  m ice (S tu d en t Newman-Keuls T e s t, =.05).
Three r e p l i c a t e s  o f 9 in d iv id u a ls  (3 o f each s p e c ie s )  were sam pled. 
P re d a tio n  on mouse c a rc a s s e s  by H errin g  and G rea t B lack-backed g u l l s ,  
however, reduced  th e  a n a ly z a b le  d a ta  s e t  to  1 r e p l ic a te .  I  s a c r i f i c e d  
ro d en ts  j u s t  p r io r  to  f i e l d  p lacem ent by c e r v ic a l  d i s lo c a t io n ,  and
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Table I. S ize  c la s s e s  o f r a t ,  h am ste r, and mouse c a r r io n ,  A ppledore 
I s la n d ,  1981
R a ttu s^
n o rv eg icu s







C r ic e tu s B










2 S tu d en t Newman-Keuls T e s t;  H^>Hb>Hq ( = .05)
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p laced  specim ens b en ea th  m e ta l m ilk  c r a te s ,  30 cm x 30 cm x 30 cm, to  
p rev en t rem oval by v e r te b r a te  p re d a to rs .
I  c o l le c te d  sam ples o f a r th ro p o d s  o c c u rr in g  on, in ,  and beneath  
c a rc a s s e s  d a i ly  fo r  th e  f i r s t  7 days and a t  2 day in t e r v a l s  th e r e a f te r .  
Sam pling reg im es w ere desig n ed  to  in s u re  c o l le c t io n  o f  o rgan ism s 
r e p r e s e n ta t iv e  of a l l  d e c o m p o s itio n a l s ta g e s .
R e p re se n ta tiv e  c o l l e c t io n s  w ere made u s in g  s ta n d a rd  en to m o lo g ic a l 
equipm ent ( a s p i r a to r s ,  fo rc e p s , n e ts ,  e tc . ) .  I  removed on ly  re fe re n c e  
specim ens to  m in im ize c a r r io n  d is tu rb a n c e . Specim ens w ere p re se rv e d  by 
s ta n d a rd  te c h n iq u e s  (P e te rso n  1966) and re tu rn e d  to  th e  la b o ra to ry  fo r  
id e n t i f i c a t i o n .  R eference specim ens w ere i d e n t i f i e d  to  s p e c ie s . A l i s t  
o f  s p e c ie s  encoun tered  d u rin g  th e  s tu d y  i s  g iv en  in  Lord (1982). L arval 
D ip te ra  w ere re a re d  to  a d u l t s  on b e e f  l i v e r .  I  reco rd ed  abundance, 
re g io n  o f  c a rc a s s  c o lo n iz ed , and b e h a v io ra l o b s e rv a tio n s  f o r  each 
a r th ro p o d  s p e c ie s  en co u n te red  d u rin g  a sam pling  p e rio d . D e ta ile d  
d e s c r ip t io n s  and pho tographs o f c a r r io n  appearance w ere a ls o  made.
S im ila r  te ch n iq u es  o f c a r r io n  sam pling  have been u t i l i z e d  by Reed (1958), 
Payne (1965), Johnson (1975), and McKinnerney (1978).
I  t e s te d  th e  e f f e c t s  o f  d is ta n c e  on a rth ro p o d  c o lo n iz a t io n  o f 
c a r r io n  by sam pling  ro d e n ts  p laced  in  3 d i f f e r e n t  h a b i t a t s  on Appledore. 
Study s i t e s  on A ppledore w ere lo c a te d  ( i )  c e n t r a l ly ,  ( i i )  on th e  w e s te rn  
sh o re , and ( i i i )  on a sm a ll a ccesso ry  i s la n d  W o f A ppledore, r e p re s e n tin g  
a sequence o f in c re a s in g  d is ta n c e s  from th e  sou rce  o f  c a r r io n  c o lo n is ts  
(F ig . 1). In d iv id u a l ro d e n ts  w ere se p a ra te d  by a minimum d is ta n c e  o f 
12 m, and new r e p l i c a t e s  were i n i t i a t e d  m onthly d u rin g  June, J u ly , and 
August. Lord (1982) d em o n stra ted  g r e a te r  d iv e r s i ty  o f c a r r io n  





F ig u re  1. Map o f A ppledore I s la n d ,  I s l e s  o f S h o a ls , ME and lo c a t io n s  
o f ro d en t c a r r io n  sam pling s i t e s .
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a re a s  a re  co n s id e red  th e  so u rce  o f  c o lo n is ts .  Sam pling and la b o ra to ry  
p rocedures used w ere th o se  d e sc rib e d  f o r  s iz e  e f f e c t s .
The r e s u l t i n g  d a ta  w ere analyzed  s t a t i s t i c a l l y  to  a s s e s s  e f f e c t s  o f  
ro d en t s p e c ie s  ( is la n d  s iz e )  and lo c a t io n  (d is ta n c e  from sou rce  o f 
c o lo n is ts )  on a rth ro p o d  s p e c ie s  number. In  t h i s  manner s i m i l a r i t i e s  
betw een ro d en t c a r r io n  and g eo g rap h ica l i s la n d s  w ere exam ined.
RESULTS AND DISCUSSION
D.ecompo-Si.tional S tag es  
W hile d eco m p o sitio n  i s  a  co n tin u o u s  p ro ce ss , i n v e s t ig a to r s  have 
d iv id ed  i t  in to  v a r io u s  s ta g e s  based on p h y s ic a l appearance and fa u n a l 
a s s o c ia te s .  Four d eco m p o s itio n a l s ta g e s  w ere d e sc r ib e d  by Reed (1958) 
and Johnson (1975), f iv e  by Payne (1965) and McKinnerney (1978), and tw o, 
based on d ip te ra n  l i f e  c y c le s , by Howden (1950). F ive  decay s ta g e s  
o ccu rred  in  ro d e n t c a r r io n  on th e  I s l e s  o f  S h o als: f r e s h ,  b lo a t ,  a c t iv e ,  
advanced, and dry.
Fr_esh_S_tage_ _(a p p ro x ._ d u ra tjL o n ;^ L d a v l
The f r e s h  s ta g e  began w ith  d e a th  and co n tin u ed  u n t i l  b lo a t in g .
During t h i s  p e rio d  c a r r io n  appeared  f re s h . No e x te r n a l  s ig n s  o f 
deco m p o sitio n  w ere e v id e n t and odors o f  p u t r i f a c t i o n  w ere ab se n t. Blow 
f l y  (C a llip h o rid a e )  a d u l t s  w ere th e  dom inant fa u n a l a s s o c ia te s ,  
o v ip o s i t in g  on m o ist o c u la r , o r a l - n a s a l ,  and r e c t a l  t i s s u e s  and fe e d in g  
on f lu i d s  i n  th e se  re g io n s . Ants (F o rm ic idae) and s p id e r s  (Aranea) 
o ccu rred  in  sm a ll num bers, fe e d in g  on blow f ly  eggs and a d u l ts  
r e s p e c t iv e ly .  Ants a ls o  remove m o is t ro d e n t t i s s u e s .
Taxa p re s e n t :  C a ll ip h o r id a e , F o rm ic idae , A raneae.
B lo a t S tage (app rox . d u ra t io n :  3 days)
B lo a tin g  r e s u l te d  from  g ases  produced by an a e ro b ic  b a c te r ia  and 
t i s s u e  decom position . D uring t h i s  s ta g e  c a rc a s s e s  sw e lle d , eyes bulged , 
tongue and rectum  p ro tru d ed , and f ro th y  f lu id s  exuded from  body o r i f i c e s .  
A s tro n g , p u tr id  odor p re v a ile d . Blow f l i e s  co n tin u ed  to  be th e  dom inant
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fauna. A du lts  o v ip o s i te d  and e a r ly  i n s t a r  la rv a e  fed  in  and around body 
o r i f i c e s .  Numerous a d d i t io n a l  f ly  and b e e t le  sp e c ie s  w ere a t t r a c t e d  to  
d e co m p o s itio n a l f lu id s  d u r in g  t h i s  tim e. B lo a tin g  te rm in a te d  w ith  
c a rc a s s  d e f la t io n ,  r e s u l t i n g  from  r e le a s e  o f g a se s  th rough  in teg u m en ta ry  
p e r fo r a t io n s  caused by bu rrow ing  f l y  la rv a e .
Taxa p re se n t:  C a ll ip h o r id a e , S arcophag idae , E phydridae,
C oelop idae , S ta p h y lin id a e , N it id u l id a e ,  F o rm ic id ae , D erm aptera, Araneae, 
A carina , C hilopoda.
Actlye__Decay__ (approx . d u ra t io n :  5 days)
A ctive  decay commenced w ith  th e  re su m p tio n  o f a e ro b ic  decay.
D uring t h i s  s ta g e  blow f ly  la rv a e  burrow ed th ro u g h o u t ro d e n t th o ra c ic  and 
abdom inal r e g io n s , enhancing  decay by s e c r e t in g  d ig e s t iv e  enzymes, 
d is s e m in a tin g  b a c te r ia ,  and a e r a t in g  t i s s u e s .  Maggot3 e v e n tu a lly  
d e s tro y e d  i n t e r n a l  v is c e r a  and v e n t r a l  in teg u m en t co m p le te ly . A d o r s a l  
in te g u m e n ta ry  s h e l l ,  s k e le to n , and a s s o c ia te d  m u sc u la tu re  w ere a l l  th a t  
rem ained . L iq u if ie d  decay p ro d u c ts  s a tu r a te d  rem ain s  and th e  s u b s t r a te  
b en eath , and a s tro n g  odor o f p u t r i f a c t i o n  p e r s is te d .  A v a r ie ty  o f 
necrophagous and p re d a to ry  in s e c ts  co lo n iz e d  c a r r io n  d u rin g  t h i s  s ta g e . 
Large numbers o f  in s e c ts  caused c a rc a s s e s  to  v ib r a te  w ith  a c t i v i t y .  
T e rm in a tio n  o f a c t iv e  decay o ccu rred  when f ly  la rv a e  abandoned c a r r io n  and 
m ig ra te d  in to  th e  s o i l  p r io r  to  p u p a r ia tio n .
Taxa p re s e n t:  C a ll ip h o r id a e , S a rc ro p h ag id ae , M uscidae,
C oelop idae, P io p h il id a e ,  S ep sid ae , S p h aero ce rid ae , C arab idae ,
D erm estidae , N i t id u l id a e ,  H is te r id a e ,  S ta p h y lin id a e , T rog idae,
S ilp h id a e , F o rm ic id ae , V espidae, A raneae, A carina, C hilopoda, Isopoda, 
D iplopoda.
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Advanced. Decay (ap p ro x . d u ra t io n :  10 davsJ
D uring advanced decay ro d e n t c a rc a s s e s  appeared  as  ho llow  s h e l l s  o f 
d o r s a l  in teg u m en t. E x te rn a lly  th e  in teg u m en t was hard  and le a th e ry ,  
devoid  o f  h a i r ,  and r id d le d  w ith  h o le s  c re a te d  p re v io u s ly  by maggot 
burrow ing . F lu id  d ra in a g e  had ceased  and c a r r io n  odor g ra d u a lly  
d is s ip a te d .  I n te r n a l ly ,  th e  s k e le to n  rem ained  i n t a c t  and th e  s u b s t r a te  
w et w ith  p u t r i f i e d  f lu id s .  Necrophagous and p re d a to ry  b e e t le s  w ere th e  
c h a r a c t e r i s t i c  fauna. Numerous f ly  pupae w ere p re s e n t ,  b u r ie d  in  the  
s u b s t r a te .  Advanced decay was te rm in a te d  w ith  ap pearance o f s k e le ta l  
d i s a r t i c u l a t i o n ,  com ple te  c a r r io n  d e s ic c a t io n ,  and abandonment by a l l  
bu t dry  t i s s u e  s p e c i a l i s t s .
Taxa p re s e n t:  P io p h il id a e ,  D erm estidae , H is te r id a e ,  S ta p h y lin id a e ,
N i t id u l id a e ,  C arab idae , S ilp h id a e , F o rm ic id ae , V espidae, A raneae,
A carina, Isopoda, C hilopoda.
Drv S tage (approx. d u ra t io n :  10 davs)
Throughout th e  d ry  s ta g e  c a rc a s s e s  appeared  a s  dry s k e le to n s  covered 
w ith  sm a ll f rag m en ts  o f  in teg u m en t, m uscle , and co n n ec tiv e  t i s s u e .  
D erm estid  b e e t le s  e v e n tu a l ly  removed a l l  rem ain in g  s o f t  t i s s u e s ,  le a v in g  
on ly  d i s a r t i c u l a r t e d  bones. A ll d i s t i n c t i v e  odors w ere a b se n t, and th e  
s u b s t r a te  marked on ly  w ith  d r ie d  f lu i d  s ta in s .
Taxa p re s e n t:  D erm estid ae , N i t id u l id a e ,  C o ry n e tid ae ,
S ta p h y lin id a e , A carina , Isopoda.
F ive  a rth ro p o d  f a m i l i e s  p layed  a m ajor r o le  i n  ro d e n t decom position . 
Blow f l i e s  (C a llip h o rid a e )  and d e rm e s tid  b e e t le s  (D erm estidae) were th e  
im p o rta n t necrophages, rove (S ta p h y lin id a e ) , h i s t e r  (H is te r id a e ) ,  and 
tro g id  (T rodigae) b e e t le s  th e  m ajor p re d a to rs . Payne (1965) and Putman
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(1978) s t r e s s  th e  im p o rtan ce  o f a few s p e c ia l iz e d  in s e c t  s p e c ie s  in  
v e r te b ra te  decay. The s ig n if ic a n c e  o f such in s e c ts  in  h a b i t a t s  w ith  
s tro n g  m aritim e  in f lu e n c e s  i s  e v id e n t. I  found s im i l a r  in s e c ts  on g u l l  
and s e a l  c a r r io n  lo c a te d  in  s u p ra t id a l  a re a s  o f the  I s l e s  o f S hoals 
(L ord  1982).
The p ro cess  o f ro d e n t d eco m p o sitio n  and fa u n a l s u c c e ss io n  I  
observed  on th e  I s l e s  o f  S hoals i s  s im i l a r  to  th a t  d e sc rib e d  by 
in v e s t ig a to r s  f o r  a  v a r ie ty  o f  mammals and h a b i t a t s  w orldw ide (F u lle r  
193*1, Reed 1958, Johnson  1975, McKinnerney 1978, and Coe 1978). I n s e c t  
f a m il ie s  and o f te n  g en e ra  c h a r a c te r iz in g  p a r t i c u l a r  d eco m p o s itio n a l 
s ta g e s  a re  e s s e n t i a l l y  th e  same. D ecom positional r a t e s ,  how ever, vary  
w ith  h a b i ta t  and c a rc a s s  s iz e  (N uroteva 1977)* D if fe re n c e s  in  decay 
betw een ro d e n t s p e c ie s  a re  d isc u s se d  in  subsequen t s e c t io n s .
I n s e c ts  c o lo n iz in g  ro d en t c a rc a s s e s  e a r ly  in  su c c e ss io n  tended  to  
have s h o r te r  l i f e  h i s t o r i e s  and s h o r te r  c o lo n iz a t io n  p e r io d s  th a n  th o se  
a r r iv in g  l a t e r  in  decay. S im ila r  su c c e s s io n a l c h a r a c t e r i s t i c s  have been 
observed  by Mohr (1943) on cow p a ts ,  S im b e rlo ff  and W ilson (1970) on 
mangrove i s la n d s ,  Schoener (1978) on m arine fo u lin g  com m unities, Henebry 
and C a irn s  (1980) on p ro to zo an  c o lo n ie s , and by numerous t e r r e s t r i a l  
e c o lo g is ts  (R ic k le fs  1973)- The g e n e ra l b io lo g ic a l  c h a r a c t e r i s t i c s  o f 
e a r ly  and l a t e  s u c c e s s io n a l groups o f c a r r io n  f re q u e n tin g  in s e c t s  a re  
th u s  c o n s is te n t  w ith  th o se  d e sc rib e d  f o r  a v a r ie ty  o f p la n t  and an im al 
c o lo n is t s .
S ize  E f fe c ts
The M acA rthur-W ilson model o f i s la n d  biogeography (Fig. 2) 
p r e d ic ts  th a t  la rg e  i s l a n d s  w i l l  su p p o rt g r e a te r  numbers o f sp e c ie s  th an  
s m a lle r  ones e q u id is ta n t  from  source  o f c o lo n is t s  (M acArthur and W ilson
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F i g u r e  2  . RELATIONSHIPS BETWEEN ISLAND S I Z E  AND DISTANCE FROM
SOURCE OF COLONISTS ON SP E C IE S  RICHNESS AS PREDICTED BY 
MacARTHUR AND WILSON ( 1 9 6 7 )  .
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1967)* In c re a se d  i s la n d  s iz e  red u ces  c o m p e titiv e  e x c lu s io n  o f c o lo n i s i t s  
v ia  g r e a te r  re so u rc e  a v a i l a b i l i t y  and v a r ie ty  in c re a s in g  s p e c ie s  number. 
F ie ld  ex p e rim en ts  have confirm ed  th e  i s la n d  s iz e  -  s p e c ie s  r ic h n e s s  
h y p o th e s is  f o r  a v a r ie ty  o f i s la n d  ty p es. S im b e rlo f f  and W ilson (1970) 
found g r e a te r  a rth ro p o d  s p e c ie s  r ic h n e s s  on la rg e  mangrove i s la n d s  
lo c a te d  i n  F lo r id a  Bay th an  on s m a lle r  ones e q u id is ta n t  from th e  
m ainland. Diamond (1973) d isco v e red  g r e a te r  a v ifa u n a l v a r ie ty  on th e  
l a r g e r  i s la n d s  o f the  Channel A rch ipelago . Schoener (1974) found 
g r e a te r  numbers o f  m arine  in v e r te b r a te  sp e c ie s  on la rg e  a r t i f i c i a l  
sponges, and Kuhn and P la fk in  (1977) d em o n stra ted  g r e a te r  p ro tozoan  
s p e c ie s  r ic h n e s s  on l a r g e r  f re s h w a te r  fo u lin g  p an e ls . Henebry and C airns 
(1980) concluded th a t  c o lo n iz a t io n  o f a r t i f i c i a l  s u b s t r a te s  by p ro to zo an s 
in  la b o ra to ry  was c o n s is te n t  w ith  th e  M acA rthur-W ilson h y p o th e s is .
I  found a rth ro p o d  sp e c ie s  r ic h n e s s  (Table I I )  to  be d i r e c t l y  
p o rp o r tio n a l to  c a r r io n  s iz e  (Two-way ANOVA, P<.001). Rat c a rc a s s e s  
su p p o rted  th e  g r e a te s t  number o f a rth ro p o d  sp e c ie s , h a m ste rs  and mice 
few er, r e s p e c t iv e ly  (S tu d en t Newman-Keuls T est, =.01). R eg ressio n  
a n a ly s is  o f  sp e c ie s  r ic h n e s s  and c a r r io n  s iz e  i s  g iv en  in  F ig u re  3. 
N inety -tw o  p e rc e n t o f  th e  v a r ia n c e  in  s p e c ie s  r ic h n e s s  betw een c a rc a s s e s  
(r=.96) was a t t r i b u t e d  to  is la n d  (c a rr io n )  s iz e . Lord (1982) found g u l l  
c a rc a s s e s  (x = 1200 g) lo c a te d  in  s im i la r  h a b i ta t  on A ppledore to  
su p p o rt 56 a rth ro p o d  sp e c ie s .
The r e l a t io n s h ip  betw een is la n d  s iz e  and s p e c ie s  r ic h n e s s  e v id e n t 
f o r  c a r r io n  com m unities i s  c o n s is te n t  w ith  th e  r e s u l t s  o b ta in ed  by 
in v e s t ig a to r s  fo r  a v a r ie ty  o f g eo g rap h ica l and b io lo g ic a l  is la n d s . 
C arrio n  d a ta  su p p o rt th e  is la n d  s iz e  -  sp e c ie s  r ic h n e s s  h y p o th e s is  o f 
th e  M acA rthur-W ilson model.
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Table I L  E f fe c t  o f  r a t ,  h am ste r, and mouse s iz e  on c a r r io n  a r th ro p o d  
s p e c ie s  r ic h n e s s ,  A ppledore I s la n d ,  1981.
R a ttu sA C r ic e tu s B Mus^
r a t t u s  .aura.t.ua mujgianlug.
S p ec ies  number
x 25.00 15.67 1 0 .671 ’2
SE 1.73 .67 .63
n 9 9 9
1 Two-way AN0VA2>24 (F=56.1 3 ) (PC.001)
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Figure 3 . RELATIONSHIP BETWEEN RODENT CARRION SIZE AND 
ARTHROPOD SPECIES RICHNESS, APPLEDORE ISLAND, 1981 .
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I t  i s  i n t e r e s t i n g  to  no te  th a t  m ajor s p e c ie s  o f c a r r io n -  
s p e c ia l iz in g  in s e c ts  w ere p re se n t on a l l  ro d en t c a rc a s s e s . Less 
re so u rc e  s p e c i f i c  i n s e c t s  w ere a b se n t from s m a lle r  c a rc a s s e s .
D iffe re n c e s  in  c a r r io n  c o lo n iz in g  c a p a b i l i ty  betw een in s e c t  s p e c ie s  may 
th u s  d e te rm in e  c o lo n iz a t io n  su c ce ss  when c a r r io n  re s o u rc e s  a re  l im i te d .
D is tan ce  E f f e c ts
The M acA rthur-W ilson model a ls o  p r e d ic ts  th a t  i s la n d s  lo c a te d  near 
a so u rce  o f c o lo n is t s  w i l l  su p p o rt a g r e a te r  number o f s p e c ie s  th an  
d i s t a n t  i s la n d s  o f equal s iz e  (M acArthur and W ilson 1967)- An in c re a s e  
in  d is ta n c e  from  th e  so u rce  o f im m ig ran ts  red u ces  th e  r a t e  o f s u c c e s s fu l  
c o lo n iz a t io n , d e c re a s in g  th e  sp e c ie s  number. F ie ld  s tu d ie s  have been 
l e s s  s u c c e s s fu l  in  co n firm in g  th e  p re d ic te d  d is ta n c e  e f f e c t s  th a n  th o se  
o f i s la n d  s iz e ,  due la r g e ly  to  th e  d i f f i c u l t i e s  o f a c c u ra te ly  
d e te rm in in g  th e  lo c a t io n  and co m p o sitio n  o f  c o lo n is t  p o o ls . M acguire 
(1963), how ever, d em o n stra ted  d ec reased  s p e c ie s  r ic h n e s s  in  w a t e r - f i l l e d  
b eak ers  lo c a te d  a t  g r e a te r  d is ta n c e s  from a pond. S im b e rlo f f  and W ilson 
(1970) document d ec reased  a rth ro p o d  s p e c ie s  numbers on more d i s t a n t  
mangrove is la n d s  in  F lo r id a  Bay, and Henebry and C a irn s  (1980) found 
few er p ro to zo an  s p e c ie s  c o lo n iz in g  a r t i f i c i a l  s u b s t r a te s  as  d is ta n c e  
from  la b o ra to ry  c u l tu r e  was in c re a se d .
A ll 3 ty p e s  o f  ro d e n t c a r r io n  s tu d ie d , r a t s ,  h a m ste rs , and m ice, 
su p p o rted  s ig n i f i c a n t l y  few er a r th ro p o d  s p e c ie s  when p laced  a t  
in c re a s in g  d is ta n c e s  from in la n d  h a b i t a t  (Two-way ANOVA, P<.001) (Table 
I I I ) .  C arcasses  lo c a te d  on cobble beaches and an a c c e sso ry  i s la n d  w ere 
l e s s  sp e c ie s  r ic h ,  r e s p e c t iv e ly ,  th an  th o se  lo c a te d  on c e n t r a l  r id g e s  
(S tu d en t Newman-Keuls T est, =.01). C o r re la t io n  a n a ly s is  (F ig. 4) 
con firm ed  a s ig n i f i c a n t  and n e g a tiv e  r e l a t io n s h ip  betw een a rth ro p o d
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Table I I L  E f fe c t  o f  d is ta n c e  from so u rce  o f c o lo n is t s  on r a t ,  h am ste r,
and mouse c a r r io n  sp e c ie s  r ic h n e s s ,  A ppledore I s la n d , 1981^,2 ,3.
R a ttu s  C r ic e tu s  Mus
ra t .tu s  auranit.ua. au^.c.ulus
T h ick e tA 25 .00  15.67 10.67
±1 .73  ± .6 7  ± .63
Shore® 11.67 7-33 7 .67
±1 .20  ± .33  ± .3 3
A ccessory^ 2 .67  1.33 1.00
I s la n d  ± .3 3  ± .3 3  ± .0 0
 ^ a l l  v a lu e s  = 3?+SE
2 Two-way AN0VA2>24 (F=278.47) (P<.001)
3 S tu d en t Newman-Keuls T e s t;  H^>Hg>HQ ( = .01)
Species
Richness
T h ic k e t
A  Rqt tus  norveqicus (r  = .94) 
Mus m uscu lu s  ( r  = .95)  
D  Cricetus  au ra tus  ( r = . 9 9 )
Shore Accessory
Island
DISTANCE FROM SOURCE 
C O LO N ISTS
OF
Figure 4 .  R E L A T I O N S H I P S  BETWEEN DISTANCE FROM 
SOURCE OF C O L O N I S T S  AND C ARRI ON AR THROPOD 
S P E C I E S  R I C H N E S S ,  A P P L E D O R E  I S L AN D ,  1 9 81 .
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s p e c ie s  r ic h n e s s  and c a r r io n  d is ta n c e  from so u rce  o f  c o lo n is ts .  Lord 
(1982) found g u l l  c a rc a s s e s  on r id g e s  to  su p p o rt 59 s p e c ie s  o f a r th ro p o d s  
and th o se  on cobble beaches 41 s p e c ie s , a s ig n i f i c a n t l y  ( t - t e s t ,  P<.05) 
s m a lle r  number. The r e s u l t s  o f th e se  ex p erim en ts  su p p o rt th e  
r e la t io n s h ip  betw een i s la n d  d is ta n c e  from  c o lo n is t s  and s p e c ie s  r ic h n e s s  
p re d ic te d  by th e  M acA rthur-W ilson h y p o th e s is .
D is tan ce  e f f e c t s  w ere s u b s ta n t i a l ly  g r e a te r  (F=278.47) th a n  th e  
e f f e c t s  a t t r i b u t e d  to  c a r r io n  s iz e  (F=56.13)* S im b e rlo f f  and W ilson 
(1970) found s im i la r  r e l a t io n s h ip s  betw een s iz e  and d is ta n c e  o f mangrove 
is la n d s  in  F lo r id a  Bay. The dom inance o f  d is ta n c e  e f f e c t s  in  ro d en t 
c a r r io n  com m unities le n d s  f u r th e r  su p p o rt to  th e  v a l i d i t y  o f  th e  
M acA rthur-W ilson h y p o th e s is  and th e  in s u la r  n a tu re  o f c a r r io n .
I n te r a c t io n  betw een d is ta n c e  and s iz e  was a ls o  s ig n i f i c a n t  (P<.01). As 
d is ta n c e  in c re a s e s  s m a lle r  c a rc a s s e s  lo s e  a rth ro p o d  s p e c ie s  a t  f a s t e r  
r a t e s  th an  do la rg e .  These d a ta  may r e f l e c t  l i m i t a t i o n s  o f d is p e r s a l  
and se a rc h in g  a b i l i t i e s  f o r  c a r r io n  f re q u e n tin g  in s e c ts .
The r e s u l t s  o f  th e se  ex p erim en ts  d em o n stra te  s i m i l a r i t i e s  betw een 
a s p e c ts  o f th e  ecology o f  c a r r io n  com m unities and g e o g rap h ica l is la n d s .  
The s u c c e s s io n a l p ro ce ss , c h a r a c t e r i s t i c s  o f  e a r ly  and l a t e  c o lo n is t s ,  
and th e  e f f e c t s  o f  c a r r io n  s iz e  and d is ta n c e  from so u rce  o f  c o lo n is t s  
su g g est a  p ro ce ss  o f c o lo n iz a t io n  and community developm ent c o n s is te n t  
w ith  th o se  re p o r te d  f o r  o th e r  g eo g rap h ica l and b io lo g ic a l  i s la n d  system s.
The tem porary  n a tu re  o f c a r r io n  makes m easurem ent o f  c o lo n iz a t io n  
and e x t in c t io n  r a t e s  d i f f i c u l t .  The p r e d ic t iv e  v a lu e  o f th e  is la n d  
s iz e -d is ta n c e  h y p o th e s is  o f  M acA rthur-W ilson (1967) i s  con firm ed , 
however, f o r  th e se  ephem eral com m unities, and th e  u s e fu ln e s s  o f c a r r io n  
as te m p la te s  f o r  th e  t e s t i n g  o f  e c o lo g ic a l  p r in c ip le s  e v id e n t.
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When coupled  w ith  th e  e c o lo g ic a l  p a t te r n s  d e s c r ib e d  f o r  o th e r  
g e o g ra p h ic a l and b io lo g ic a l  i s la n d s ,  th e se  d a ta  su p p o rt a  uniform  
p ro cess  o f  c o lo n iz a t io n  and community developm ent f o r  bo th  la r g e  and 
sm a ll, and ephem eral and perm anent re so u rc e  p a tc h e s , and th e  in s u la r  
n a tu re  o f b io ta .
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LIST OF INVERTEBRATE SPECIES COLLECTED FROM CARRION 
ON THE ISLES OF SHOALS (1979-1982)
S e a ls  G u lls  R odents
DIPTERA
gymonyap-gla catiay.srJ.na x x x
■CallJpiifira y J a i n a  x x
Phormla r s g l n a  x x x
L u c l l la  l l l tfg &rug. x x
C ochiiom yia m ancella rla x
SarcoPhaga b u l l a t a  x x x
Coelopa f r i g i d a  x x x
Ephvdra r i p a r l a  x x
C h lo ro p lsa  Yflri,c.e.pg. x x
P io p h ila  l a t l o e s  x x x
S e p s is  pnnc.t.u m  x x
S c ia ra  p p . x
.Anthcmyia aa- x
Probosoim via p p . x
Sphaeocera p p . x
Chasm atodonotus p p . x
-QP-hyra leu o o sto m a ta  x x
F ann ia  ca nni c n l a rig. x x
COLEOPTERA
Monotoma P lc iP e s  x
Anasdna dnm m spa x
P erm eates canlnus. x x x
P erm eates v u lP in u s  x x x
A nthious clflfifeWS x
A nthicus c e rv ln u s  x x
C reo p h ilu s  m aslllg a tfg  x x x
A leochara la fca  x x x
P h ilo th u s  p c litU S  x x x
S ta p h v lin u s  y jg lacS tfg x
Ira x . .yar-iplafens, x x
S ao rin u s  penngyl y.ani.ctfa  x x x
S aprinus ccnfgrm ig  x x x
S ap rin u s  ag.gl a i l A s . x x
Pachvlopus fxat.erjltfg X
S ilP h a  n o v eb o racen sis  x x
Ne.crophorous tom entosus x
C aro o h ilu s  pp . x x x
S te l id o ta  g a a ln a ia  x x x
N ecrobia r u f i c o l l i s  x x
H a lt ic a  ohalvbea x
105
S e a ls  G u lls  R odents
AmDhedus c o l l a r i s X
P o e c ilu s  lu c o b lan d u s X X
HYMENOPTERA
Tetram orlum  caesP itum X X
Monomorlum minimum X X
V esnula m ac.ulifro.ns X X X
fiyMpAslae. A X X
Ichnevunsnidae a X
DERMAPTERA
A n iso la b is  m aritim a X X X
ACARINA
Trombidium s d . X X X
M aorooheles sp . X X X
P o e c ilo c h iru s  s d . X X X
ARANEAE
P ardosa la D id ic in a X X X
AtcelenoDSis o o t t e r i X X
S a l t ic u s  s c e n ic u s X X
OPILIONES
Leiobunum o o litu m X
ISOPODA
P o r c e l l io  s c a b e r X X X
P o r c e l l io  ra th ic e i X
rh llf l ta c ia  .vl££a£a X X X
AMPHIPODA
O rc h e s tr ia  D la te n s is X X
DIPLOPODA
N acerus am ericans X
CHILOPODA
L ith a b iu s  sp . X X
A rsnopM lus as.* X X
PSE0D0SC0RPIONIDA
L anp to fJisrv s pbJ.om .us. X
DECAPODA
c .a ro im a  mag.nas. X
GASTRAPODA
Pol.vKy.ra s d . X
yallo jxU i Pul.ciL oila X
